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MISSOURI RIVER BASIN
LETTER

FROM THE BUREAU OF THE BUDGET

EXECUTIVEOFFICE OF THE PRESIDENT,
BUREAU OF THE BUDGET,
Washington, D. 0., May 4, 1944.
The Honorable the SECRETARY
OF THE INTERIOR.
My DEARMR. SECRET~RY:I have your letter of May 1 transmitting
a copy of the report entitled "Conservation, Control, and Use of
Water Resources of the Missouri River Basin."
I am not now able to advise you, because of the need for further
consideration of certain recommendations of the proposed report, as to
the relation to the program of the President of the various recommendations therein.
Since I am advised, however, that the congressional committees
having jurisdiction of pending legislation, to which these recommendations relate, are contemplating early consideration of such legislation, I am writing to say that this office would, of course, have no
objection to your making the report immediately available for the
consideration of these committees. In doing ·so, the committee should
be informed, I think, that you have not received from this office
advice as to the relation of the report recommendations to the program
of the President.
Very truly yours,
HAROLDD. SMITH,Director.
LETTER

FROM THE DEPARTMENT

OF THE INTERIOR

DEPARTMENTOF THE INTERIOR,
Washington, May 1, 1944.

The PRESIDENT,
The White House.
(Through the Bureau of the Budget.)
MY DEARMR. PRESIDENT:There is transmitted herewith my report
on the Missouri River Basin, which is the letter of April 28, 1944, of
the Commissioner of Reclamation and its attachments, which I
approve.
.
The report contemplates utilization of the waters of the 1'fissouri
River beneficially for multiple purposes in the stabilization of the
agriculture and economy of this vast basin which includes the Northern
Great Plains, where drought periodically deals devastation.
The
maximum degree of stabilization can be obtained only through full
utilization of the waters of this river system.
98676-44-2
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The construction proposed in this report would be complementary,
for the most part, to that recently suggested by the Secretary of War
for flood control on the Missouri River. The two plans, while not
-identical, apparently can be successfully coordinated.
The initial stage proposed in this report would involve expenditures
estimated at $200,000,000. The economic and human gains that can
be expected will amply justify this step. The plan has engineering
feasibility. Water users, ruTal and urban, wouJd be expected to
repay, in accordance with their ability and the benefits extended to
them, parts of the costs, and I find that they probably can meet the
charges indicated. Power users would be expected to repay additional
parts of the costs. It reasonably can be expected that these returns
to the Vnited States Treasury will be effected. Flood control and
navigation allocations would be non-reimbursable.
Substantial and
material benefits would accrue through recreational use of the waters
and facilities proposed; through their use in fish and wildlife conservation; through pollution abatement, silt control, and the recharge
of lakes and ground waters. These are not assessable in monetary
terms, and no repayments are contemplated from them.
I find desirable and feasible the development of the Missouri River
Basin in accordance with this report on the Conservation, Control,
and Use of the Water Resources of the Missouri River Basin, and I
recommend authorization for construction after the war of the initial
stage in accordance with the report and as contemplated in Section 9
of the Reclamation Project Act of 1939.
Sincerely yours,
HAROLJ?L. ICKES,
Secretary of the Interior.
LETTER

FROM THE BUREAU OF RECLAMATION

DEPARTMENTOF THE INTERIOR,
BUREAU OF RECLAMATION,
lVashington, April 28, 1944The SECRETARYOF THE INTERIOR.
Sm: In accordance ·with section 9 of the_ act of August 4, 1939 (53
Stat. 1187, 43 U. S. C. 485), I transmit this report on Conservation,
Control, and Use of the Water Resources of the Missouri River Basin.
I recommend it to you for your approval and for submission to the
Congress, aft,er submission to the Bureau of the Budget in accordance
with section 4 of Executive Order 9384, and to the President in conformity with the 1939 act.
The reclamation plan proposes a total of 90 reservoirs with a combined capacity of 45,700,000 acre feet, most of the reservoirs on
tributaries of the 11issouri for use in irrigation, flood control, and
power development, but two-thirds of the ·reservoir capacity on the
main stream for use in flood control, aid to navigation, power development, and irrigation.
When fully developed, the plan would provide water for the irrigation of 4,760,400 acres of dry land, and supplemental water for 538,_000
acres of land now: irrigated but not assured adequate water in years
of low run-off. Seventeen power plants, in the completed power
system, would supply seasonal power for pumping water for irrigation,
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and nearly four billion kilowatt-hours of firm power, annually, for
domestic, commercial, and industrial uses.
The irrigation of numerous areas scattered widely over the orthern
Great Plains and over other semiarid sections of the 1Iissouri River
Basin would add to an unavoidably precarious dry-farm and grazing
economy the stabilizing influence of lands "ith insured crops and
high yields.
The droughts of the last decade cost go,ernmen tal agencies,
principally Federal, a total of $1,246,557,087, and these expenditures
were inadequate to the needs, since tens of thousands of families
nevertheless were forced to migrate from thPir abandoned homes.
These expenditures are roughly equal to the cost of full utilization of
the waters of the 1Iissouri River svstem. "hi.le it is not contended
that full use of these waters will eliminate drought losses, it will reduce the catastrophic e:ffects and prevent much of the human suffering.
I have submitted the report to the agencie of the Department of the
Interior which have intere ts in the waters of the 1Ii ouri River Basin
and have their approval or their comment, which is attached.
I have
submitted the report to the Interagency River Basin Committee, in
accordance with the quadripartite agreement of December 29, 1943.
I ha,e the comment of the Corps of Engineers which is al o attached.
The Assistant Commissioner of the Office of Indian Affairs, on
April 26, 1944 said with regard to the recommendations made in the
report dated April 14 1944 of the Board of Review, that the Office of
Indian .Affairs should construct, operate and maintain irrigation
features including dams that predominantly serve Indian lands. I
concur in the opinion, and I am sure that the members of the Board
of Review will regret their ffrnrsight in this connection. The report
should recognize the authority and responsibility of the Office of
Indian Affairs in the matter of irrigating Indian lands.
The Chief of Engineers \\ ar Department, in his letter of April 25,
1944 observed that the Reclamation plan included tributary reservoirs
that would fit the plan presented by the Corp of Engineers in House
Document 475, Seventy-eighth Congre
second ses ion and commented that modification made in the proposal for the Yellowstone,
Big Horn, Kan a , Smoky Hill, and Republican River Ba ins could
be coordinated in advance of cons ruction by further cooperation by
the Corp of Engineers and the Bureau of Reclamation.
"ith regard
to the main tern of the 11i souri Ri,er. howe,er, the Chief of Engineers noted that the reclamation plan contemplated 10,250,000
a re-feet le s storage than had been propo ed by the Corps, and concluded that a high dam at the Garrison ite which wa not included
in the reclamation plan, and a dam at Ga--rin Point, which wa omitted
from the reclamation plan, are nece ary. The main stem dams, the
Chief of Engineers said, should be built, operated and maintained by
the corp , and the tributary dams should be built, operated, and
maintained by the agency with the dominant interest. Flood control
storage should be utilized in accordance with regulations prescribed
by the Secretary of War, and irrigation storage in accordance with
regulations of the Secretary of the Interior he proposed. The Chief
of Engineers noted that irrigation of the Souris area, as proposed in the
Reclamation plan, would require diversion of waters from the Missouri River, and he advi ed further study of this undertaking pending
fulfillment of existing and fore eeable needs within the Basin. He
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questioned the computations in the reclamation report of benefits and
allocations.
I agree with the Chief of Engineers that details can be worked out
satisfactorily through cooperation as the projects are constructed on
the tributary streams. I agree that the agency with the dominant
interest should construct the dams and other works in the Basin,
and I agree that the main stem storage dams should be constructed
by the corps, owing to their close relationship with flood control and
navigation. The Reclamation plan provides a storage capacity in
main stem reservoirs of 24,950,000 acre-feet, which is 10,250,000 acrefeet less than that proposed by the Corps, but when considered together
with more than 10,000,000 acre-feet of storage provided upstream,
this amount is believed to be sufficient to provide full flood protection
and ample storage for regulation for navigation. However, if continuing- studies by the Corps and the Bureau of Reclamation should
indicate the need of additional storage in the main stem after the high
dam at Oahe is built, then there is and should be ample opportunity
to provide the additional storage needed. The Oahe _Dam, as proposed, would provide a reservoir of a capacity of 19,600,000 acre-feet
as against the Garrison Dam proposed by the Corps which would
provide a reservoir of only 17,000,000 acre-feet. In any event, one
of these would constitute the initial flood-control facility. It would
appear that the Oahe Dam would be more desirable from the floodcontrol standpoint, as it is also from the irrigation point of view.
The regional report of April 1944 is covered by the report of April
14 of the Board of Review. I approve the findings, the comment,
and the recommendations made in the report of the Board of Review.
I find that the proposed development of the Missouri River Basin is
needed, as conclusively shown in the report. The plan has engineering feasibility. The ultimate cost is estimated at $1,257,645,700, and
the annual benefits of the completed development would be 2.57 times
the annual costs. The annual benefits would be as follows:
Irrigation _____________ $130, 000, 000 INavigation_ __ _ _ _ _ _ _ __ _
Power________________
17,141,000
Municipal water_______
Flood controL _ __ _ _ _ __ _
16, 500, 000

$4, 165, 000
500,000

Irrigation would be expected to repay in 40 annual payments
$298,000,000. Power revenues in 50 years would repay $423,100,000,
and municipal water users would repay $20,000,000.
The initial construction proposed would require $200,000,000 and
would be dominantly for irrigation and power. It includes none of
the features that would be constructed by the Corps of Engineers in
the development of the basin, but it would complement the floodcontrol construction proposed by the Corps.
I recommend that the construction, repayment, operation, and
maintenance of the works proposed be in accordance with this report.
I recommend the approval and authorization of the initial stage for
construction after the war substantially in accordance with this report,
but with such modifications by the Secretary of the Interior and the
Commissioner of Reclamation as may be required to meet developing
needs.
Respectfully,
H. W. BASHORE, Commissioner.
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FROM THE OFFICE

OF INDIAN

AFFAIRS

DEPARTMENTOF THE INTERIOR,
OFFICE OF INDIANAFFAIRS,
liVashington, D. C., April 26, 1944.
Mr. HARRYW. BASHORE,
Commissioner, Bureau of Reclamation.
DEAR COMMISSIONER
BASHORE:I have examined the confidential
copy of the :Missouri River repor~ you transmitted on ApriI 20, 1944.
This report, in my judgment, 1s an excelle~t presentat10n of ~he
Missouri River Basin problem. I find myself m full agreement with
your Bureau's recomID:endations concerning the priorities of irri~ation?
domestic and industrial use of the regulated flow of the M1ssoun
River and its tributaries, especially in the upper part of the basin,
and I hope that these priorities will be given congressional sanction.
Insofar as the Indian irrigation and power interests are concerned,
the report seems to give them adequate consideration. However, I
cannot agree with the recommendation of the Board of Review that
"all works that may be authorized under the approved plan be constructed, opera.ted, and maintained by the Bureau of Reclamation
under the direction of the Secretary of the Interior wherever the
dominant function of such works is other than navigation and flood
control." This recommendation on page g of the report, is based on
the discussion of the proposed division of operational authority in
numbered paragraph 7, on page b. This paragraph proposes that, in
effect, construction and operation of the features of the plan be
divided between the Bureau of Reclamation and the Corps of Engineers
on the basis of the dominant function of each feature, features in
which navigation and flood control are the dominant functions to go
to the Corps, all other features to be operated by the Bureau of Reclamation. The report in paragraph 7, adds: "In like manner, agencies
with jurisdiction over other functions should be recognized." Inasmuch as the Office of Indian Affairs is exercising on Indian lands
functions identical with those exercised by the Bureau of Reclamation on non-Indian lands, the language of the report seems to exclude
the Indian Service from any participation in the planning, design,
construction and operation of irrigation and power projects on Indian
lands. I assume that this omission was unintentional and propose
that it be corrected by changing the language of paragraph 7, page b,
as follows: In line 9, after the words ''All irrigation features" insert
"except those on Indian lands or predominantly_serving Indian lands
which shall be constructed and operated by the Office of Indian
Affairs." Similarly in line 12, at the end of the sentence reading
"All reservoirs in which irrigation, restoration of surface and ground
waters, or power, are dominant, should be operated by the Bureau
of Reclamation" the following words should be added "except reservoirs on Indian lands or predominantly serving Indian lands which
shall be operated by the Office of Indian Affairs."
Indian Service lands and irrigation projects are scattered throughout
the Missouri River Basin. Many of the features proposed by the
plan are in part or in whole based on Indian lands, affect Indian water
rights and existing Indian irrigation projects. In order to make pos-
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sible a reasonable degree of Indian Service participation in the planning, construction, and operation of those irrigation and power features vitally affecting Indian interests, I propose that language be
added to paragraph (b) of the recommendations, on the bottom of
page g, to make this recommendation read as follows:
(b) That all works that may be authorized under the approved plan be constructed, operated, and maintained by the Bureau of Reclamation under the
direction of the Secretary of the Interior wherever the dominant funct10n of such
works in other than navigation and flood control, except that the Office of Indian
Affairs shall construct and operate those works on Indian lands or serving Indian
lands predominantly.

I request that these modifications in the language of the report be
made before the report is submitted to the Congress.
The modifications in the language are deemed necessary in order to
protect the Indian interests under the Winters decision and the terms
of the Leavitt Act. They bring the recommendations into line with
the Departmental policy as laid down in the Secretary's report. on
Senate Joint Resolution 55, by Wheeler, to transfer all Indian irrigation functions to the Reclamation Bureau, a proposal vigorously
opposed by the Department and your Bureau.
Sincerely yours,
WILLIAM ZIMMERMAN,Jr.,
Assistant Commissioner.
LETTER

FROM THE CHIEF OF ENGINEERS,

WAR DEPARTMENT

WAR DEPARTMENT,
OFFICE OF THE CHIEF OF ENGINEERS,
Washington, April 25, 1944:Mr. H. W. BASHORE,
Commissioner, Bureau of Recla.mation,
Department of the Interior, Washington, D. 0.
1\1y DEAR MR. BASHORE:Receipt is acknowledged of your letter
of April 20, 1944, transmitting copies of your report on the Missouri
River Basin and requesting comment thereon by April 25, in order
that the r·eport may be submitted to the Bureau of the Budget on the
scheduled date of May 1, 1944.
The general comprehensive plan of this Department for flood control and other purposes as contained in House Document No. 475,
Seventy-eighth Congress, contemplated that that plan would be
be augmented by appropriate projects of. other agencies duly constituted by law to perform such work. It appears that the upstream
tributary reservoirs proposed in the report of the Bureau will fit into
the expanded comprehensive plan for flood control and other purposes,
provided main stem storage is not substantially reduced.
I note that your plan substitutes the Mission Dam for the Livingston project included in House Document 475 and greatly reduces
the size of the Boysen Dam. Further studies by the Bureau of
Reclamation and the Corps of Engineers preparatory to construction
can definitely establish the developments for the Yellowstone and
Big Horn Basins.
Similarly the plan in your report for the Kansas River Basin, ip.cluding the Republican and Smoky Hill Rivers, differs in some details
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from the War Department's plan as reported in House Document
475. In this river basin the fundamentals of the two plans are similar
and I believe that the details can be worked out satisfactorily through
cooperation as the projects are constructed.
With regard to the main stem dams in North and South Dakota,
it is noted that the Bureau's report contemplates 10,250,000 acre-feet
less stora.ge than proposed in House D_ocument 475. Sine~ reservoirs
on the main stem are the most beneficial from the standpomt of flood
control below Sioux City and are vitally needed for cyclic storage, I
consider that the maximum practicable amount of storage must be
provided on the main stem in North and South Dakota.
In this
connection the plan outlined in House Document 475 makes possible
the inclusion of a high dam at Oahe if found feasible from an engineering and economic standpoint.
In any event a high dam at the
Garrison site is essential, and a reregulating reservoir at Gavins
Point is necessary.
Although I am not connnced that storage in reservoirs far upstream
on the headwater tributaries would have appreciable effects on flood
stages along the ma.in river below Sioux City and on the Mississippi
River, I agree that those projects would be of great benefit to agriculture, to the prevention of local flood damages downstream from the
dam sites and to the solution of silting problems.
It is noted that your plan includes the irrigation of approximately
1,000,000 acres in the Souris project outside of the Missouri River
Basin. The best over-all use of the multiple-purpose reservoirs in the
Missouri River Basin would permit a diversion of water out of the
basin into the Dakotas, urgently needed for domestic use and for other
purposes, after sufficient water has been conserved and stored to provide for such diversion. However, until the existing and foreseeable
needs for the conservation and use of water within the Missouri River
Basin have been satisfied there is a question in my mind as to the
advisability of developing a large-scale irrigation project outside the
Missouri River Basin which would deprive the basin of a part of its
natural water supply. In my opinion the advisability of such a large
diversion should be the subject of further study and consideration.
The time available has not permitted a thorough study of the
allocation of costs and benefits as contained in your report. I can
state, however, that in view of the information contained in your
report that the projects proposed will provide a dependable low water
flow at Sioux City of something less than now exists, I do not understand the equity of char@ng to navigation a large part of the cost of
the development.
Also I question your method of computing floodcontrol benefits. It is noted that by the methods used the costs
allocated to flood control and navigation under the heading "Repayment and returns" are very large compared to costs allocated to irrigation, whereas irrigation benefits are represented as ·several times the
combined benefits to flood control and navigation.
It is essential that the main stem reservoirs in North and South
Dakota be built, operated, and maintained by the Corps of Engineers
as stated in my report and in your letter of December 17, 1943, both
printed in House Document 475. Tributary reservoirs should, when
advisable from the standpoint of basin-wide development, be con-
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structed, operated, and maintained by the agency with dominant
interest under existing law. In all reservoirs, utilization of storage for
flood control should be in accordance with regulations prescribed by
the Secretary of War and utilization of storage for irrigation should be
in accordance with regulations prescribed by the Secretary of the
Interior.
As stated before, my report contained in House Document No. 475
contemplates that the broad framework for the Missouri Basin as recommended in that document will be augmented by appropriate work
of other agencies duly constituted by law to perform such work. I am
sure that through the continued cooperative efforts of all concerned
the details of the improvements can be worked out in a progressive
manner as conditions warrant. I appreciate the opportunity to comment on the Bureau's report and I look forward with confidence to
the development of the comprehensive and flexible plan for the Missouri Basin through the coordinated and cooperative efforts of Federal,
State, and local agencies to accomplish the best over-all use of its water
resources.
Very truly yours,
E. REYBOLD,
Major General,
Chief of Engineers.
LETTER

FROM THE DEPARTMENT
DEPARTMENT

OF AGRICULTURE
OF AGRICULTURE,

Washington, April 25, 1944Mr. H. W. BASHORE,
Commissioner, Bureau of Reclamation,
Department of the Interior, Washington, D. 0.
DEAR MR. BASHORE: We received from Maj. Gen. E. Reybold,
Chief of Engineers, War Department, on April 22, a copy, marked
"confidential," of the Missouri River Basin report of the Bureau of
Reclamation with the telephone request that we transmit our comments on it to you by April 25 in order that you might submit the
report to the Bureau of the Budget by May 1, 1944.
The responsibilities of this Department do not, of course, embrace
the design or construction of major engineering works for irrigation,
flood control, power, and other purposes, but we are very much interested in land and water development and use of concern to agriculture
and rural people. The benefits from soundly conceived irrigation,
power, flood control, navigation, wildlife, recreation, and other multiple-purpose developments on the Missouri and its tributaries will
accrue in considerable measure to farm people ·and rural interests and
will have a direct bearing on the use made of the natural resources of
the area. In particular, the potentialities of providing irrigation
where economically feasible to farming areas of low or ·uncertain rainfall are large and important in the Northern Great Plains.
The short time available has permitted only a very general review of
the report. We are glad to see_that many of the projects_ proposed in
the report appear to be essentially in harmony with thm~e that have
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been proposed by the Corps of Engineer~, War Department.
We are
not in position to judge the relative engine_ering merits of such proposals as are not reconciled but believe that through continued cooperative consideratio~ by the agencies conce~ne~ a mutually acceptable means can be found to meet the broad ob1ect1ves of both reports.
Various programs of the Departm.ent will be of material assistanoe in
the achievement of the agricultural objectives in the coordinated plan
for basin-wide development. We shall be glad to cooperate to the full
extent our resources permit.
Sincerely,
E. H. WrncKING,
Land Use Coordinator.
LETTER

FROM THE FISH AND WILDLIFE

SERVICE

DEPARTMENTOF THE INTERIOR,
FISH AND WILDLIFE SERVICE,
Chicago, fll., May 6, 1944.
11:r. H. W. BASHORE,
Commissioner, Bureau of Reclamation,
Washington, D. C.
MY DEAR MR. BASHORE:Reference is made to your letter of
May 2 asking for any comment we may have to offer in regard to your
report, "Conservation, control, and use of water resources of the
Missouri River Basin."
I regret to say that this report was not received in our Chicago office
early enough for us to review it carefully before your deadline on
1!Jay 1. As yet we have had opportunity to m~ke only a casual examination of the report, but we feel that in_the main it is a good report
and considers well the interests of the various agencies.
Thus far, there is only one statement to whic)i exception might be
taken, and that perhaps would depend upon interpretation of your
statement.
I refer to a statement in the report of the Board of Review. We heart,ily subscribe to the first part of paragraph 5, page b;
but we feel that the sentence--"To the extent that the uses ·of water
are competitive, the use of water for domestic, agricultural, and industrial purposes should have preference."-might
be open to question.
Considering the area as a whole, this statement is probably correct;
but we could not subscribe to the thought that any particular plot
or block of agricultural land, regardless of how submarginal it might
be, should have prior use of water over an important muskrat marsh
or other wildlife project. Likewise, every industrial use might not
have so much value from the national standpoint as the wildlife
benefits.
As a whole, the report seems to be well prepared and gives fair consideration to diverse interests.
Sincerely yours,
ALBERT M. DAY,
Acting Director.
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BOARD OF REVIEW'S REPORT TO THE COMMISSIONER
UNITED

STATES

DEPARTMENT
OF THE INTERIOR,
BUREAU
OF RECLAMATION,

Denver 2, Colorado, April 14, 194,1,.
From Board of Review.
To Commissioner.
Subject: Report on Conservation, Control, and Use of Water Resources of the Missouri River Basin.
1. Pursuant to instructions in your letter of February 2, 1944, the
undersigned convened as a special board of review in Denver, Colo.,
April 10 to 13, 1944, to consider the report of April 1944 on the Conservation, Control, and Use of Water Resources of the Missouri River
Basin, prepared by the Bureau of Reclamation staff of region 6,
assisted by consultants, and representatives of other Government
agencies. The results of our review of the report are respectfully
submitted herein.
2. The water of the Missouri River system is a primary national
resource which, up to the present time, has been inadequately controlled and developed. _ The two major problems of the basin are
the control of devastating floods along the lower river and the stabilization of agriculture in the Dakotas and in eastern Montana.
3. The river and its basin long have been studied by Federal, State,
and other agencies, but until recently the studies have not been coordir\ated or sufficiently broad to comprehend and outline a unified
plan for the conservation and beneficial uses of water so as to realize
the 'greatest procurable economic returns and human benefits for the
entire region. In our opinion, the report presents a plan which, if
carried out, would adequately meet these objectives. It is a comprehensive plan for the highest beneficial use of the waters of the basin.
It provides for flood control, navigation, irrigation, power development, domestic and industrial water supplies, silt control, recreational
use of waters, conservation of fish and wildlife, and pollution abatement, and will assist in the restoration and maintenance of groundwater levels and inland lakes.
4. The report is the result of long and intensive engineering,
scientific, and economic study. The plan is technically and economically sound. It is not proposed or expected that the program as
a whole should be undertaken immediately or at one time, but it should
progress by starting with the parts that are urgently needed and continue as rapidly as funds become available and economic conditions
demand. The greatest benefits will be attained through coordination
of th~ advice and work of all interested Federal, State, and local
agencies.
5. To the extent that the several functions of water control and
utilization are conflicting, preference should be given to those which
make the greatest contribution to the well-being of the people and to
the areas of greatest need. To the extent that the uses. of water are
competitive, the use of water for domestic, agricultural, and industrial
purposes should have preference. The plan would meet these objectives.
6. In determining the justification for this development and the
subdivisional features thereof, the report recognizes and the Board
confirms the principle that a project or a broad development is justi-
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fied if the total value of all the benefits to be derived from it exceeds
the total cost, whether or not all costs can be recovered from the direct
beneficiaries. The report summarizes the benefits of the basin-wide
project, and finds that they exceed the estimated costs in the ratio of
2.57 to 1. The Board concurs in this finding.
•
7. The agency with primary interest in the dominant function of
any feature proposed in the plan should construct and operate that
feature, giving full recognition, in the design, construction, and operation, to the needs of other agencies with minor interests. All reservoirs
where flood control and navigation are dominant should be operated
by the Corps of Engineers, and where the flood control and navigation
functions are minor, the reservoirs should be operated in accordance
with regulations of the Corps so far as flood control and navigation are
concerned. All irrigation features should be operated by the Bureau of
Reclamation or its agents. All reservoirs in which irrigation, restoration of surface and ground waters, or power, is dominant, should be
operated by the Bureau of Reclamation.
Where these functions are
minor, the reservoirs should be operated under regulations of the
Bureau of Reclamation so far as such functions are concerned. In
like manner, agencies with jurisdiction o,er other functions should be
recognized. The Bureau of Reclamation should construct and operate
all power-transmission facilities, and should have the responsibility for
the disposal of all power generated.
IRRIGATION

8. Land-use adjustments needed to stabilize the agriculture of the
basin and mitigate the effects of future droughts can best be promoted
by progressive development of the irrigation potentialities of the area.
In addition, hundreds of thousands of new residents of the area can be
provided opportunities to establish homes and to earn for themselves
an adequate level of living. :Many projects will be of prime importance in any program for the rehabilitation or settlement of returning
servicemen and dislocated war workers. Irrigation water users should
pay for the service rendered them an amount commensurate with the
benefits they receive, and their payments should be b~sed on ability
to pay out of earnings of the irrigated land. 1'1any of the project
areas will be served with water by pumping. The power used in
pumping will be provided from the seasonal output of installations
proposed in the report. The power should be paid for as an integral
part of operation and maintenance charges, and the resulting operation and maintenance charges should be equalized throughout the
area by integrating them with repayment charges and the total to the
ability of the land served to produce returns for the farmer.
POWER

9. The average unit costs of power and energy for the power
developments described in the report will be such as to accomplish
the repayment of the construction costs of power development within
a reasonable period of years and, in addition, will permit substantial
contributions from power revenues to assist in the repayment of other
project features as well as providing low-cost power for irrigation
pumping purposes.
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10. The market studies· indicate the ability of the basin and contiguous areas to absorb in a relatively few years the power to be
developed. The large number of comparatively high-cost fuel-burning
generating plants now operating in the area offer exceptional possibilities for sal6 of a large quantity of hydroelectric power as fast as it can
be developed. This situation exists because of the immediate opportunity to eliminate high fuel and other generating costs by energy
replacement in some cases, and by complete retirement of obsolete
plan ts in others. Growth of load will soon absorb the balance of the
output.
11. The low-cost power to be developed should be given the widest
possible distribution for the benefit of the whole region. This could
be accomplished best by clothing the Bureau of Reclamation with
the responsibility for its distribution and sale. Preference in sales
should be given to public bodies and cooperatives.
FLOOD

CONTROL

12. The main-stream reservoirs in South Dakota, together with the
reservoirs on the tributaries in eastern Kansas and in Missouri and
the levee system, will provide the protection needed by the fertile
bottom lands and the important cities along the Missouri River below
Yankton. They will also aid in the control of Mississippi River
floods below St. Louis. The reclamation plan supplements such
flood control by the addition of a number of multiple-purpose reser- •
voirs on tributaries of the Smoky Hill River and on the headwaters
of the Republican River.
13. On the headwaters of the Missouri River, and its western
tributaries in the Dakotas, and on the headwaters of the Platte River,
the reclamation plan provides necessary flood control in the areas
most seriously menaced, in the main, through the operation of multiple-purpose reservoirs.
NAVIGATION

14. Navigation possibilities are limited to the 11issouri River up
to Sioux City. While the traffic on this stream has never been impressive even below Kansas City, the Missouri River carries potentialities
as an important waterway in the future as Kansas City, Omaha,
Sioux City, and their tributary areas continue to grow. The utilization of the stream as a waterway should be planned, and such planning
should be adapted to the flows to· be expected with justified upstream
development. The storage facilities contained in the reclamation
plan prpvide the necessary stream regulation to insure a sustained
and well-regulated flow through the years, regardless of the vagaries
of precipitation.
SILT CONTROL

15. The control of silt is impo_rtant in many localities. The most
urgent silt problems are in the Big Horn River Basin, but the problem
is also serious in the Yellowstone River and its other tributaries as
well as in the western tributaries of the Missouri River in the Dakotas.
The storage control provided throughout the Missouri River system
above Yankton will desilt .the streams and eliminate most of the silt
problems in connection with operations of irrigation and municipal
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water systems. The retention of the silt by these means will reduce
the cost of maintaining the channels in the navigation section of the
Missouri River and the Mississippi River below St. Louis.
DOMESTIC,

MUNICIPAL,

AND

INDUSTRIAL

WATER

SUPPLIES

16. In many parts of the basin, surface waters are relied upon for
domestic and municipal water supplies. In the future there will also
be greater requirement for industrial water supplies. Regulatiou. -of
flows of many tributaries as proposed, and the diversion of water froni
the Missouri River into eastern North Dakota and the Red River
Valley, and into the James River Valley in South Dakota, will benefit
many cities, towns, and populous areas by increasing low-water flows
and restoring ground-water levels.
17. Some communities that depend on wells are faced with the
necessity of searching for new water sources because of lowering groundwater levels. The falling water tables have also dried up or reduced to
stagnant pools many old lakes in the northern plains. The plan calls
for the restoration of some of these lakes, and will also have a beneficial
influence on water tables through percolation of water from canals,
irrigated farms, and small stream channels.
FISH

AND

WILDLIFE

18. The Missouri River Basin has areas of outstanding importance
in the conservation of fish and wildlife. Notable among them are
mountain fishing streams, and the waterfowl refuges and breeding
grounds in the northern plaip.s. The development of the water resources of the basin will adversely affect some of the existing facilities,
but it will also create exceptional opportunities for expanding the
fish and wildlife programs. No unnecessary injury should be inflicted,
and construction plans should include sueh safeguards as fish screens
at canal and other intakes, hold-over conservation pools in reservoirs
(for maintenance of proper water elevations and stream flows during
spawning and nesting seasons whenever practicable), and other good
conservation practices. Facilities destroyed or damaged should be
replaced by others of equal utility as a part of the new construction
in the conservation programs, wherever possible.
RECREATIO~

19. The basin includes parts of three great National Parks, Yellowstone, Glacier, and Rocky Mountain along the Continental Divide,
numerous national forests, and many smaller recreational facilities
ranging from fishing grounds in the mountains to historical sites on the
plains; but there are large areas where recreational facilities are
inadequate. The restoration of Devils Lake and the construction of
the numerous proposed reservoirs will provide recreational opportunities of major importance within these areas. These opportunities
should be capitalized through stocking the lakes and reservoirs with
fish, and providing facilities that will be needed to care for the public,
such as campgrounds, boat landings, and shelters.
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POLLUTION ABATEMENT

20. Along the Red River of the North, and in vario~s other places
within the basin, including some areas bordering the Missouri River
itself, waters are polluted by discharge of untreated sewage into
streams. In periods of low flow, pollution has become serious, threatening the safety of water supplies and creating nuisances. Diversion
of water into the Sheyenne River and thence i.p.to the Red River of
the North will abate some of these conditions. So far as possible,
sufficient l9w-water flows should be maintained throughout the basin
to prevent dangerous pollution; but this should not be considered as
a substitute for the treatment of sewage where necessary to maintain
proper sanitary conditions and the use of stream flows for dilution of
sewage should be held to a minimum.
HYDROLOGY

21. Reliable stream-flow records covering sufficient time to reflect
variations in flow are a prerequisite to sound project planning, to
assure proper control and full utilization of the waters, and to avoid
waste of construction funds on the one hand, and the hazards of water
shortages, flood damages, and power shortages, on the other. No
run-off records are available for many of the smaller streams, and on
the larger streams the available records are often inadequate because
of insufficient stations, particularly at critical locations. The present
inadequate program of stream gaging being conducted by State and
Federal agencies should be greatly expanded at once, to the end that
the tentative project plans may be confirmed or modified on the basis
of more complete stream-flow records, before it becomes necessary to
start construction.
This situation is particularly applicable to the
numerous small projects on the minor tributaries.
The appropriations
for the United States Geological Survey for stream-gaging work should
be substantially increased, and the lack of available State appropritions for matching Federal funds should not be permitted to delay
a program at least sufficient to provide the needed records at many
key stations.
DESIGNS AND ESTIMATES

22. The project plan includes hundreds of major engineering works,
such as dams and power plants, and thousands of important structures.
The plans on which the estimates are based were necessarily of a preliminary nature. At many of the dam sites, exploratory work has
been carried far enough to obtain dependable basic data. At other
sites, further exploratory work must be undertaken before details of
the structures can be determined and better estimates made. All the
works proposed in the report are of the same general type which the
Bureau of Reclamation has been constructing in the West since 1902,
and no novel or unprecedented problem are involved. All cost estimates are tentative, and are subject to revisions in the light of further
information which must be developed by exploratory work and detailed design studies before construction is undertaken. A lump-sum
allowance has been included for contingencies for unforeseen conditions, but no allowance has been included for major economic changes.
All estimates ~re based on costs as of January 1, 1940, and an appro-
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priate factor will therefore have to be applied to conform such estimates to prices existing at the time the construction of any feature
of the development is initiated.
INITIAL

CONSTRUCTION

PROGRAM

23. The following list of projects is submitted as the initial stage of
an orderly program to effectuate a plan of development presented in
the report. The list is confined to projects or project features which
should, in the opinion of the Board, be constructed by the Bureau of
Reclamation:
Colorado:
Transmountain
diversion projects were not considered a part of this
basin.
Kansas-Nebraska:
Bostwick.
Cedar Bluff.
Frenchman-Cambridge.
Kirwin.
North Republican (Wray) (Colorado-Nebraska).
Pumping.
Montana:
Canyon Ferry Reservoir.
Glasgow Bench Pumping.
Hardin (including Yellowtail Ds.m).
Marias.
Missouri-Souris (Montana division).
South Bench.
Yellowstone River Pumping uniti;:.
North Dakota:
Heart River.
Knife River.
Missouri-Souris (North Dakota division).
Missouri River pumping units ( 5 ).
South Dakota:
Angostura.
Grand River (Shadehill-Bluehorse).
Oahe (James River).
Rapid Valley (including Brennan Reservoir).
Wyoming:
Big Horn pumping units.
Big Horn Project (Boysen Dam).
Glendo Reservoir.
Kortes.
Owl Creek.
Paintrock.
Riverton.
ShoshoI1e project extensions.
Power transmission lines.
RECOMMENDATIONS

It is recommended:
(a) That the general plan for the development of the basin as
contained in the report be approved subject to such modifications and
changes as may be indicated, from time to time, as the plan is effectuated.
(b) That all works that may be authorized under the approved plan
be constructed, operated, and maintained by the Bureau of Reclamation under the direction of the Secretary of the Interior wherever the
dominant function of such works is other than navigation and flood
control.
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(c) That the Bureau of Reclamation under the direction of the
Secretary of the Interior make all arrangements for the sale and distribution of electric energy generated at all hydroelectric developments
hereafter constructed by any Federal agency within the basin as
defined in the report, and be authorized to construct, operate maintain, and improve such electric transmission lines and substations as
it finds necessary or desirable in connection therewith.
(d) That the initial construction program as hereinabove presented
be adopted and that an appropriation of $200,000,000 be authorized
for the prosecution of construction _work on the first stage of the
program and for the continuation of investigations on the general plan
of development.

E. B. DEBLER,
Chairman, Director of Branch of Project Planning.
S. 0. HARPER,
Chief Engineer, Director of Branch of Design and Construction.
•
H. F. McPHAIL,
Director of Branch of Power Utilization.
W. F. KuBACH,
Director of Branch of Fiscal and Administrative Management.
D.S.

STUVER,

Assistant Director of Branch of Operation and Maintenance.
SUMMARY FOREWORD
Wheat, butter, meat, wool, leather, and many other valuable
commodities used by the people of the United States come from a wide,
sparsely populated area which lies between the highly developed
Middle-West and Eastern States and the growing far West States,
and extends from the Canadian border far down into Texas, almost
separating the coµntry into two distinct parts. This Great Plains
area and the mountainous country which bounds. it on the west
yield not only foodstuffs and textile materials which are important
to the prosperity of the country, but also certain valuable and strategic minerals, and a wealth of oil. Economically, it is a very important part of the Nation.
.
The cities and large towns, and much of the best agricultural land
in the Great Plains area lie in the flood-plains of the rivers, and
occasionally, like some eastern cities and farm lands, they suffer
great damage from floods. The greater part of the area experiences
serious variations in rainfall, and corresponding fluctuations in crop
yields. Occasionally, it suffers long periods of drought, during which
losses far exceed those due to floods. The effects of such disasters
are not confined to the Great Plains; they extend to the whole country,
because they disturb commerce in the hundreds of millions of dcllars'
worth of materials and articles which are exchanged annually between
residents of the Great Plains States and residents of other States.
On some occasions, enormously ·expensive relief and rehabilitation
programs have been necessary after floods or droughts because, in the
interest of national prosperity and security, the area cannot be abandoned, nor allowed to lose the fruits of developments by private
initiative that are, or can be made to be, economically sound. •
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tfan cannot exercise control over the weather-the
fundamental
cause of droughts and floods; but by devices known to engineers, he
can modify floods and their e:ffects, and by practices known to engineers and agricultural scientists he can alter the farming facilities
and the farm and ranch practices in some localities so as to diminish
both the direct and the indirect effects of droughts. For years, the
Corps of Engineers, United States Army, has been engaged in designing and constructing river improvements for the purposes of reducing
flood damages and aiding navigation; the Bureau of Reclamation has
been putting wa.ter on arid land and finding supplemental water for
distressed irrigation farmers; and the Department of Agriculture, the
State colleges, the State experiment stations, and the county agricultural agents have been laboring to improve agricultural facilities
and practices. In order to perform efficiently and to handle largescale projects, these and other government and local agencies must
cooperate closely, and in accord with broad plans, each plan being
inclusive of all resources, problems, and possibilities that are properly
related in one unit. So far as the cooperative activities of the Corps
of Engineers and the Bureau of Reclamation are concerned, a river
basin is a suitable unit on which to base plans.
This report deals with a plan for. the conservation and control of the
water resources of the entire Missouri River Basin, which includes the
northern Great Plains, and the use of such resources in watershed
development. Every water resource and all feasible beneficial uses
of water, such as aids to navigation, flood control, the irrigation of
land, the producing of power, the restoration of surf ace and groundwater levels and of domestic and municipal water supplies, the
abatement of stream pollution, silt control, fish and wildlife preservation, a,nd recreation, were taken into account in an effort to formulate
a basin-wide plan most likely to yield the greatest good to the greatest
number of people. The plan is based on specific information with
respect to the character and needs of different sections of the basin,
and on experience in designing, building, and operating works of the
kinds that will be required in the Missouri River Basin. It is adapted
to development in stages, and to such modifications as changes in
physical and economic conditions make necessary. Agriculture is
and always will be the primary basis of the economy of the Missouri
River Basin. On agriculture, other economic activities in the basin
largely depend: This fact has been recognized in designing a plan
for water-resource development for the basin.
Plans of the Corps of Engineers cover channel improvements from
Sioux City to the mouth of the river and a number of reservoirs on
the upper river, mainly for flood control and aid to navigation. Such
existing and proposed developments are referred to or are described in
House Document 4 75, Seventy-eighth Congress, second session, and
in the documents referred to therein. The plan here tendered incorP?rates the Corps of Engineers' proposed plans for flood control and
aids to navigation in the river below Sioux City, with some modifications of Army plans for developments on the upper river, for the
reason that certain reservoirs and related works further up in the river
basin would facilitate navigation and flood control on the lower river,
and, at the same time, serve other purposes.
This basin-wide plan provides for a number of reservoirs on the
upper reaches of the 1tiissouri River and its tributaries, for the pur-
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po ec-,of torincr water and releasing i during periods of low flow.
uch re:;erroirs will contribute to flood control not onl, on the lower
rh-er but at all point from the mouth of the ri,er to the r en-oir
ites: the, will aid na"ri!?ation on the lower river b reducinu flood
damage~ to nangation ~orks and by increasinu the dry- eason flow:
they- will enlan!e the upply f water available for irrigation· and
they wT mak pnicti able the ueneration of electrical energy at many
place.
The irrigation f land in the basin~ generally in relatively mall
blocks along the ~creams w.ill add to an unavoidablv precarious drv
farming and grazing economy a dependable type of ~PTiculture which
will have a :tabilizinu effec on whole communiti ....: i -will"'Upplement
the range:: in upportin a larger better and le ,.,.hazard us li,e toch
industrr: and by increa-ing the population and the farm neld and
income, it will reduce the per capita co:::r of uovernment ~and rai e
tandards f Iin.nu and of citizenship. In periods of ...evere and longcontinued drought, ::uch a.: ha,e occurred at lonu interval.... and ma:
occur again. forage rai:ed on irrigated land mll upp rt foundation
breeding stock at least and ....
o peed recovery from drough damaue-·.
The -rorino- f water and the rewatinu of ream flow for purpose
of irrigation mll c ntribute not only bene:fi.r to downstream nangation and flood control. but frequently. facilities for the production of
pow-er one of the chief -.ource~ of wealth and well-beinu. Electrical
energy de,eloped at dams and canal drop- will be used t pump
water to land abo, !rranty canals: and -urplus power \\ill be old
for dome-tic. municipal. and indIBtrial applications.
The distribution of irrigation water in canals and th maintenance
of vear-round flows in me tream'"' that ordinaril, oo drv in summer
will relie,e water -hortau
and impro,e ground-wa ~er "'Upplie'"'.
Return flow from irrigated land and water di,erted for the pecific
purpo-es -will raise or re"'t re ground-water le,e - in me are
and
abate "tream p llution.
Both the creation of reserv irs and the regulation and maintenance
of tream flow will aid in fi-h and wildlife con.serration.
Present and future plans of tate auencie" and of various Go'\"""ernment agencie::, "'uch a the Indian
errice. the Fi::h and
ildlife
errice, the _~ ational Park erri e and the Bureau of Reclamation.
as well a" the War Department~ the Department of A.griculture and
the Federal Power Co:mmission hould be coordinated in order to
avoid the waste incident to conflictinu plan~ and duplication of effort
and in order to uain th ad,antage- of large--- ale, coherent works
and operations.
Comparison of -timated co
with repayment and return com- .
puted pursuant to e:ri.stinu legal requirement"' and upportable on
the experience of operating Federal project- for like purpose'"'. jl tifie
the conclusion that the ,alue of the benefit.,. to be derived from the
recommended program will exceed the c st of the project. and warrant the recommendation tha the construction of the projec as
planned be appro,ed.
A creneral -tatemen with re~pe t to the _ ~ouri
River Basin and
it~ er nomic pr blems. and a comprehensi,e plan f r de,elopinu ~d
utilizino- it water re~ourc ~ is c ntained in this report.
upportmg
data ar~ to be found in the report~ and fil " of the Bureau of Reclamation and the Corps of Engineers.
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FOR THE REPORT

This report, the result of an investigation by the Bureau of Reclamation for the full conservation: control, and use of the water resources
of the Missouri River Basin, proposes a comprehensive plan, to those
ends, for the approval of the Secretary of the Interior and for submission by him to the Congress.
The report embodies a general discussion and conclusions respecting
the engineering feasibility of the plan, and of its several physical
features, and of the estimated cost of its construction and operation,
also, recommendations as to the allocation of the estimated cost to
irrigation, power, navigation, flood control, and other miscellaneous
water uses, and estimated repayments and returns to the United
States.
•
Statutory authority for such an investigation and report is found
in section 9 of the act of August 4, 1939 (53 Stat. 1187, 43 U. S. C.
485).
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DESCRIPTION,

____________ _..:~

PRESENT DEVELOPMENT,
PLANS FOR
THE FUTURE
As a matter of convenience in description and discussion, the
Missouri River Basin has been divided into six subdivisions, based
on tributary drainage basins or on peculiarities of an area. In this
section of the report, each subdivision is covered by a general description of the area, a statement with respect to economic developments,
and an explanation of water-use developments proposed. A tabular
summary of proposed works-reservoirs,
irrigation units, power
plants, and miscellaneous water uses-is given for each area. Power
is treated on a basin-wide basis, in a succeeding section.
The basin subdivisions are best understood by studying the simplified basin maps which appear in many places with the text.
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MISSOURI RIVER PROJECT PLAN

SUMMARY OF COSTS, BENEFITS,

AND RETURNS

FOREWORD

Nobody can prevent the sudden downpours nor the quick thaws
that produce floods, nor avert drought, nor make rain fall at will.
Man can mitigate the evils of flood and drought by intelligent management of his resources and by engineering works, ~nd he can bring
together, artificially, water and land to make them yield food and
shelter for him. Here are summarized, briefly, the benefits to be
derived from the intelligent, coordinated development and use of the
water resources of the Missouri River Basin
The welfare of the residents of an area 1,300 miles long and 700 miles
wide, extending from St. Louis, Mo., in the southeast, to Cut Bank,
Mont., in the northwest, and from Denver, in the southwest, to Devils
Lake, N. Dak., in the northeast, is influenced by the waters of the
Missouri River and its tributaries. People living along the lower river
want protection from floods at one season, and supplemental water for
navigation at another. Residents of the western and northwestern
sections of the Missouri River Basin want protection from local floods,
water for irrigation, and power for various purposes. Some areas need
water for domestic and ·sanitary uses.
Man cannot prevent the sudden downpours nor the quick thaws
that produce floods; he can only distribute floodwaters in time and
place, and so reduce their destructive powers. He cannot prevent
drought nor make rain fall at will; he can only store water for use in
dry seasons, and thus escape its worse effects. The plan proposed
here recognizes these facts, and, also, the fact that, in order to make
the waters of the Missouri Basin serve the greatest number of people
to the greatest advantage, those waters must be conserved and used
according to a coordinated plan which must recognize all beneficial
uses of waters, weigh their relative values, and make a compromise,
from a basin-wide viewpoint, in each instance of conflict.
This plan proposes that a large number of reservoirs be created on
tributaries of the Missouri River, in Colorado, Wyoming, Montana,
North Dakota, South Dakota, Nebraska, Kansas, and Missouri, and
that a small number of important reservoirs be built on the main stem
of the river. All these reservoirs will serve one fundamental purpose,
namely, that of impounding water in periods of heavy run-off from the
land, and releasing it during periods of low stream flow.
In all cases, by impounding flood water, the reservoir will have beneficial effects in reducing flood hazards everywhere downstream. Water
released from the reservoirs may serve one or several of many purposes.
In the greater part of the basin, which is one of the important agricultural provinces of the United States, water is needed for irrigation,
which will contribute to the further development of the Nation's re21
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sources, and will offset to some extent the disturbing effects of wide
varitttions in rainfall. More than a hundred proposed irrigation projects, scattered through seven States, will in time add more than
4,000,000 acres of land to the stable farm resources of the country.
At many of the reservoirs, power plants will be built for the purpose
of converting to electricity the energy available from the falling of
water released. A network of transmission lines will connect the
power plants with each other, with other power systems, and with
power consumers' facilities. Much of the power will be used in pumping water for irrigation, but much more of it will be available for domestic, municipal, commercial, and industrial uses. Practically none
of the power users will consume energy at a uniform rate throughout
the year. Few, if any, of the power p~ants will be capable of generating
at their maximum capacities throughout the year. Not all of the
peaks of demand occur simulta,neously, nor do all of the periods of
high productive capacity at the power plants. The transmission
system will serve the double purpose of delivering power from a pool
to the combined loads of consumers, and of shifting loads from plant
to plant, in order to take advantage of their periods of high productive
capacity.
The population and prosperity of this region cannot be expected to
expand without further -irrigation development, made and operated
at costs within the ability of the irrigators to pay. In the plan proposed, irrigation pumping with its incidental power requirements plays
a large part. The cost of such power will be an important element in
the irrigators' annual expenses, and must be low if success is to be
achieved. Experience and study indicate that the cost per kilowatthour should not exceed 2}~ mills for energy deiivered to major project
pumping plan ts.
The capacities of the proposed reservoirs have been determined by
two or more requirements-the
impounding of flood waters as a means
of reducing flood damages; the storing of water for the purpose of irrigating land, generating power, or supplying water for domestic, sanitary, or recreational and wildlife purposes; the storing of water to be
released during the navigation season of the lower river; or the
entrapping of silt. The releasing of water from upstream reservoirs
will be governed generally by the requirements of irrigation and power
generation, and from the lower reservoirs by navigation needs.
Of the water that falls as rain or snow, much is lost by evaporation
from land and from the surfaces of lakes and streams, and even more
is consumed in plant growth; the remainder runs away to the sea.
The building of reservoirs and the irrigating of land will increase
evaporation losses, but the water so lost will be stored :floodwater, or
will be replaced by stored floodwater. Water diverted from the
Missouri River Basin for use in the northern and eastern parts of North
Dakota will also reduce the annual run-off of the Missouri River, but
it, too, will be taken from floodwaters, by means of reservoirs. Despite
these losses and diversions, sufficient run-off and flow will remain
when regulated by the proposed reservoirs to provide supplemental
water for navigation on the lower river during normal low-water
seasons.
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Some areas drained by tributaries of the lower river, subject to
flash floods, will be benefited little, if at all, by upstream conservancy
works. They must depend for relief on local stream improvements ..
Such a multiplicity of factors and such a mass of technical detail
have necessarily entered into this study that it is entirely impracticable to place in one volume the data gathered in support of the
findings as finally revealed in the proposed plan. Summing up,
provisions are made for the irrigation of 4,760,400 acres of land not
now irrigated, and a supplementary water supply will be furnished to
547,300 acres of land now having an inadequate water supply, thus
benefiting a total of 5,307,700 acres. Proposed irrigation development
is scattered throughout the drier portions of the basin, as follows:
Summary of irrigation development
State

New land

Supplemental
supplies

Acres

Acres

Montana _______________'---------------------------------------~--967,130
346,800
Wyoming___________________________________________________________281,560
167, 400
Colorado___________________________________________________________ 101,280
1, 719
North Dakota______________________________________________________1, 266, 440 ____________
South Dakota______________________________________________________ 961,210
11,300
Nebraska___________________________________________________________ 989, 445
19, 930
Kansas_____________________________________________________________ 193,335
155

Total benefited

Acres
1,313,930
448, 960
102,999
1, 266, 440
972,510
1, 009, 375
193,490

1----1-----1----

TotaL________________________________________________________
4,760,400

547,304

5,307,704

Some land and improvements in river bottoms will be flooded, but,
with few exceptions, reservoirs will cover lands of little or no agricultural value. The area flooded is insignificant compared with the
area to be benefited. Eliminating the Army's proposed Garrison
Reservoir will preserve many improvements and will also preserve
50,000 acres of land, much of which will be irrigated. Indian land,
public lands, and private lands and property have all been given the
same consideration. Ample allowances have been made in cost estimates fqr the replacement of all improvements that will be destroyed.
Complementing irrigation development, the construction of 17 power
plants is proposed, with an aggregate installed capacity of 758,5QO
kilowatts. These plants will be capable of generating 3,809,200,000
kilowatt-hours of firm energy annually. A transmission grid system
is included in the plan to interconnect generating and pumping plants
and to permit the delivery of power to all existing distribution centers,
and to others on the fringe of the basin, ~thin the probable market
areas. These power plants are likewise distributed throughout the
basin, as follows:
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Summary of power plants
State

Installed
kilowatts

Name

Lyon __________________
Montana. ___,.. _______________________________
Canyon Ferry _________
Portage _______________
Mission _______________
YellowtaiL ___________
Fort Peck 1 ___________
Subtotal. _______________________________

6

Wyoming _____________________________________
Kortes ________________
Boysen. _______________
Kane __________________
Hunter Mountain _____
Thief Creek ___________
Sunlight ______________
Bald Ridge ___________
Tongue River 1________
Subtotal ________________________________

8

South Dakota _________________________________
Oahe ____________
-----Big Bend _____________
Fort RandalL ________

1

Annual production kilowatthours, firm

23,500
35,000
20,000
50,000
75,000
35,000

121, 000, 000
149, 800, 000
146, 900, 000
263, 000, 000
332,000,000
100, 700, 000

238,500

1, 113, 400, 000

30,000
10,000
30,000
12,000
60,000
20,000
30,000
3,000

162, 000, 000
56,900,000
139, 300, 000
71,000,000
350, 000, 000
109, 500, 000
166, 500, 000
20,000,000

195,000

1, 075, 200, 000

150,000
75,000

100,000

}

1, 620, 600, 000

Subtotal. _______________________________

3

325,000

1,620,600,000

Total for basin __________________________

17

758,500

3, 809,200,000

Firm power only.

Flood protection is afforded to all areas subject to inundation,
throughout the length of the river, and on most of the main tributaries
where the flood problem is acute. All of the reservoirs included in the
plan afford some degree of flood protection inasmuch as they conserve
floodwaters for use later, in irrigation or for navigation purposes.
The plan includes the flood-control reservoirs proposed by the Corps
of Engineers, as presented in House Document 475, 78th Congress,
second session, or suitable substitute, and, in addition, many others
not included in the Army plan. Excluding the reservoirs on tributaries of the lower Missouri, in the State of Missouri, the proposed
capacity of which are not stated in House Document 475, 78th Congress, second session, a total of 89 reservoirs are included in the
proposed basin-wide plan, with a combined capacity of 45,700,000 acrefeet, whi_~his more than the average annual flow of the Missouri River
at its mouth. Reservoirs have been so located as to desilt those
streams ip which the silt load i,s heavy, particularly the Big Horn,
Powder, Republican, Smoky Hill, and that portion of the main stream
from the mouth of the Yellowstone River to Kansas City.
An assured minimum and practically uniform flow in the main river
from Sioux City to the mouth, for navigation purposes, will maintain
navigability of that stream with much lower annual dredging costs
than have heretofore been anticipated.
•
Minimum flows in all streams of the basin where sanitation conditions have often been impaired will be amplified to alleviate past
dangers.
The numerous reservoirs to be built will increase recreation possibilities throughout the entire basin, in many places where such possibilities have been nonexistent before,and will also increase fish life. The
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restoration of Devils Lake will reestablish that community in its former
place of importance as a tourist center. While some of the important
wildlife refuges now in operation will be obliterated, many opportunities will be afforded for the substitution of equally good refuges, and
the total number can be greatly increased. In cost estimates, adequate
provisions have been made for replacing fish and wildlife facilities that
will be destroyed or impaired.
BENEFITS
IRRIGATION

The benefits from the stabilization of agriculture in areas adjacent
to the proposed irrigation units are not susceptible of evaluation. The
direct benefits from irrigation are usually measured in terms of
increases in gross crop values to be expected. Based upon the 1930-41
average of crop values on operating Bureau projects in the basin, after
GOmparing soil and climatic conditions with those on existing projects,
and separately determining the expected crop values for each of the
150 or more units in the plan, the estimated increase in crop values
is expected to average $130,000,000 per year, exclusive of livestock.
The irrigation of 4,760,400 acres of new land and the furnishing of
supplemental waters to 547,000 additional acres, will furnish a stabilized diversified agricultural opportunity on 53,000 farms averaging
90 acres each. With an average of 4 persons per farm, rural population will be increased by 212,000. Statistics show that for every
person on the farm at least 2 additional persons can find a means of
livelihood in adjacent towns and cities, thus making a prospective
increase in total population of 636,000 in the Missouri Basin from
irrigation development alone. The past 20-year trend of declining
population will be reversed, the deficiencies will be overcome, and the
final increases will resemble the 1900-20 trend.
The average assessed valuation per capita in the basin, exclusive
of the more populous southeastern section, approximates $1,000.
Increased valuation of more -than $600,000,000 may thus be anticipated. This broadening of the tax base in the basin is a major justification for the project.
Evaluation of the probable feasible water-service charges on each
individual unit in the plan shows that a total of $298,000,000 will be
repaid to the Federal Government by irrigators within the 40-year
period specified by Reclamation law.
POWER

Power market studies throughout the basin have shown that markets will be available as fast as firm power is produced, assuming
that a reasonable length of time is required to place all of the plants in
operation. Net revenues from the sale of power are estimated to be
large enough to repay the cost of all power features with interest at
3 percent, and provide a substantial surplus applicable to other project
costs. The power will have a value of $17,141,000 annually at
full development, and that has been taken as a measure of its annual
benefit.
!)3676-44-3
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FLOOD CONTROL

The report of the Army engineers on flood control of the Missouri
River from Sioux City to the mouth proposes the construction of
works costing a total of $661,000,000, the major features of which are
incorporated in the plan herein proposed. In passing upon the Army
plan, the Board of Engineers for Rivers and Harbors makes the following statement, justifying such an expenditure:
After thorough consideration, the Board concludes that the United States will
profit by undertaking the improvements as recommended by the Division engineer,
on a step by step basis.

Final evaluation of the flood-control benefits has not been made,
but from available evidence it is reasonable to conclude that floodcontrol benefits are at least equal to the cost of the works providing
such flood control as proposed by the Corps of. Engineers. That
figure is adopted as a measure of flood-control benefits, neglecting
additional benefits derived from the Reclamation plan.
NAVIGATION

The benefits to navigation, by providing uniform flows in the lower
river, do not lend themselves to close evaluation. Operation studies
of reservoirs in this plan have shown that much of the storage capacity
to be provided in proposed reservoirs is required for the control of high
flows, and the subsequent release of stored water at uniform rates, to
provide a steadily maintained flow for navigation. Allocations of
costs in some of the reservoirs have been made to navigation, for
this reason. The reservoirs in the lower Missouri will be of much
benefit to navigation in the 1fississippi, particularly at the Chain of
Rocks, where much difficulty has been experienced in the past in
providing sufficient depth for navigation. The aggregate benefits for
navigation have been set at $166,600,000.
MUNICIPAL

WATER

SUPPLIES

Diversion of Missouri River waters into the James and Sheyenne
Rivers in North Dakota and South Dakota will furnish municipal
supplies to many towns and cities in those basins which have experienced extreme difficulty in obtaining sufficient water for their needs
during the past decade. More than 19 cities and towns will thus
obtain adequate and safe water supplies. Estimating the value of
water to be furnished them at the rate of 10 cents per thousand gallons,
total benefits for these purposes are estimated at $20,000,000. No
valuation is placed upon the water which will be supplied for the
dilution of sewage and industrial wastes now poured into the streams
and rivers without treatment.
The value of such water is no doubt
large, but no satisfactory basis has been found for its evaluation.
Likewise no monetary value is placed upon restoration of ground
water reserves or the creation of new recreational possibilities.
Benefits evaluated above are summed up as follows:
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Summary of benefits
Annual
Irrigation__________________________________________________
$130, 000, 000
Power_____________________________________________________
1~ J41,000
Flood controL _____________________________________________ - 16, 500, 000
Navigation_ _ _ __ ____ ____ ______ __________ __ ____ __ __ __ __ __ ___
4, 165, 000
Municipal water____________________________________________
500, 000
Total_______________________________________________

------

168, 306, 000

Annual costs
Operation,
maintenance,
repairs, and replacements:
Irrigation
_____________________________________________
_
Power ________________________________________________ _
Flood control and navigation ____________________________ _
Amortization of entire cost of project at 3 percent in 50 years ___

$7,725,000
4,316,000
4,500,000
48,872,000

Total annual cost ___-.-_______________________________ ~
Ratio of annual costs to annual benefits ________________ _

65,413,000
1:2.57

Repayments and returns
Total estimated cost_ _____________________________________ $1,257,645,700
Allocation toFlood control _______________________________________ _
Navigation _________________________________________ _

419,300,700
97,245,000

Subtotal _____~---------~--------------------------Balance repayable _______________________________________ _

516,545,700
741, 100, 000

=======

Repayments fromIrrigation (40 annual payments) _______________________ _
Power (50 annual payments) 1 _________________________
_
Municipal (40 annual payments) ______________________ -_
Total ____________________________________________ _

298,000,000
423,100,000
20,000,000
741, 100, 000

In addition to the repayments indicated, power revenues will also be sufficient to collect the interest
charges on the costs allocated to power.
1
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Yellowstone River Basin
FOREWORD

Th~ Y ellowsto~e River is an interstate stream draining portions of
Montana, Wyommg, and North Dakota. The chief economic resources of the Yellowstone Basin are irrigated agriculture and its
associated livestock industry. The development of 1 156 900 acres
of irrigated land in the basin has created the great~r p~rt of the
present total assessed valuation of about $322 000 000. Farming
without irrigation yields only meager results b~ca~se of low and
variable rainfall .
. ~n ~ddi_tional area of about 728,000 acres can be brought under
rrrigat10n m the future, and supplemental water can be supplied to
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327,000 acres of land now irrigated. Plans for the development of
water supplies for these lands are increasingly a source of concern
and of possible dispute among the three States which include parts
of the Y elJowstone River Basin. Each seeks to protect the water now
supplied for its irrigated areas and to establish rights to the water
which will be necessary to develop its irrigable areas. The major
contention, at present, relates to the basin of the Big Horn River,
largest tributary of Yellowstone River, where it has been asserted
that expanding irrigation developments in Wyo!Iling have.bee~ responsible for reported water shortages along the Big Horn River m Montana.
Under present conditions, there is a large surplus of water, but its
distribution is not suited to the requirements for maximum irrigation
and power use.
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The Yellowstone River and its tributaries, particularly the Big
Horn River, are heavy silt carriers, contributing about 25,000 acrefeet of silt per year to the Missouri River. Considerable excess storage space must be provided in some reservoirs to prevent too rapid
depletion of their effective capacities by silting.
Power developments within the Yellowstone Basin are far from
adequate to supply present power demands. Deficiencies are supplied mainly by the Missouri River plants of the Montana Power Co.
In the near future power from the Fort Peck Dam will be available to
the lower part of the basin.
GENERAL

DESCRIPTION

Physical jeat1.ires.-The Yellowstone River, most productive tributary of the Missouri River, drains southeast Montana and no:r:th
central Wyoming. The length of its basin is about 440 miles, and the
maximum width is 320 miles. The average annual discharge at the
mouth of the river, during the 10-year period, 1931-40, was 6,870,000
acre-feet, compared with an average of 5,000,000 acre-feet from the
Missouri River above the mouth of the Yellowstone.
•
The Yellowstone River and all of its principal tributaries rise in
and receive most of their water from the Absaroka, Wind River,
and Big Horn Mountains. A large part of the low-altitude area in
. the northeastern portion of the basin yields no perennial run-off.
Lakes are abundant in the upper part of tp.e basin, but only one,
Yellowstone Lake, is of notable size. It has an area of 142 square
miles, and provides a considerable amount of natural regulation.
Other important bodies of water in the basin are Lake De Smet,
and the Shoshone, Bull Lake, Pilot Butte, Sunshine, and Tongue
River Reservoirs.
Elevations in the basin range from 1,860 feet, at the mouth of the
Yellowstone. River, to a maximum of 13,785 feet at Gannet Peak,
in the Wind River Range. Nearly half the area lies below elevation
4,000, with the remainder rising rapidly to elevations of 11,000 to
13_,000,in the mountain ranges.
The Yellowstone River, after leaving Yellowstone National Park
at Gardiner, Mont., flows in a steep, winding gorge for about 21
miles, emerging into a broad flat valley between high mountains.
Near Livingston, Mont., the river cuts through a limestone ridge,
forming a short but precipitous canyon. From Livingston to Columbus, Mont., the valley never reaches a width greater than about
1 mile, and is bordered by sandstone bluffs, generally gravel-capped,
that stand 200 to 400 feet above the valley floor. North of the river,
these bluffs are part of a series of tablelands, broken by steep escarpments that form the divide between the Musselshell River and the
Yellowsto·ne River. Southward, the bluffs blend smoothly into the
stream terraces and foothills of the Absaroka Mountains.
Near Columbus the valley widens to a maximum of about 7 miles,
and the mountains recede to the south, leaving the river bordered by
the eroded and broken uplands of the central plains. The effects of
erosion increase in prominence toward the mouth of the river, and
east of Miles City, Mont., there are large areas of exposed shales
and soft sandstone that have become typical badlands. These areas
are maked by scanty vegetation. Infrequent but heavy rainstorms

•
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move immense quantities of silt from the badlands into the Yellow"'
stone River.
The slope of the river ranges from 2 feet per mile at the mouth
to 30 feet per ?1ile, near the mountains. The valley floor is gener:
ally smooth, with slopes of less than 8 percent. The stream channel
is cut about 15 feet deep into the valley sediments, and the river bed is
generally on or very close to shale or sandstone bedrock.
The Clarks Fork of the Yellowstone starts at Broadwater Lake, just
east of Yellowstone National Park. Throughout its upper reaches,
th~ stream and its many tributaries occupy deep gorges between high,
glaciated plateaus and mountain peaks. The river leaves the mountains near Clark, Wyo., and enters a valley distinguished by broad
flood plains and high bordering escarpments and terraces. An outstanding feature of the area is the Beartooth Plateau, a flat-topped
glaciated mountain mass rising ahr:uptly 3,000 to 4,000 feet above
the foothills. The river falls 1,500 feet in a distance of 6 miles,
through the deep gorge between this high plateau and the vall~y floor,
thus offering tremendous advantages for power development. The
lowland portion of the basin is a broad, smooth plain of sedimentary
deposits, sloping northward toward the Yellowstone River. This
region has been mµch eroded by streams, and warped and faulted
by geologic forces, so that the present land forms include alluvial
streams, terraces, badlands, and dry, desert-like basins.
The Big Horn River, largest tributary of the Yellowstone River;
drains an oval-shaped ,basin between the Wind River Range and the
Big Horn Moun tans. I ts basin is divided topographically into three
segments or sub-basin~, known in downstream order as the Wind
River and Big Horn Basins, in Wyoming, and the Lower Big Horn
Basin, in Montana. The three sub-basins are separated by two steep
canyons. The basin floors are broad expanses of rolling plains, dissected by numerous deeply eroded valleys and stream courses.
Stream slopes are rather uniform, ranging from 4 to 8 feet per mile
along the Big Horn River, and from 25 to 30 feet per mile on the
tributaries below the foothills. The main stream and ·its larger tributaries have cut deeply entrenched valleys that contain fertile flood
plains up to several miles in width. The Big Horn River channel
is 10 to 20 feet deep. Steep terraces, 100 to 200 feet high, separate
the flood plains from the higher benchlands of the main basin floors.
The Tohgue and Powder Rivers d,rain the eastern slopes of the
Big Horn Mountajns, from which they descend in deep, precipitous
canyons. A large proportion of their drainage areas is low-altitude
plains and badlands, productive of violent damaging. floods of little
volume. Below the mountains, both streams occupy narrow valleys
confined by high bluffs and terraces. The lower flood plains are
usually dissected by the meandering streams and the flood channels
of intermittent tributaries.
Other tributaries in the western part of the Yellowstone River
Basin are the Boulder and Stillwater Rivers, draining parts of the
Absaroka Range, and the Shields River, draining a small basin between the Bridger Range and the Crazy Mountains. AH are short,
swift streams, snow-fed, flowing through deep mountam gorges and
narrow valleys with limited flood plain areas.
.
.
Land use.-Major land use types in the Yellowstone River Basm
are:
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Acrea

1,156,900
3,100,000
f:!tt!elr~ar:nd=========-====================================
Privately owned grazing land ___ - ______•_____- _______________- - _ 16,300,000
Taylor Act grazing districts 1___________________________
, _______
_
4,820,000
Timbered land _______________________________________________ 6,400,000
Miscellaneous ________________________________________________ 9,232,100
Grazing land in Indian reservations _____________________________ 3,900,900
Total _________________________________________________ 45,000,000
1

Public domain within grazing districts.

The principal crops on irrigated lands are alfalfa, sugar beets,
small grains, beans, and mixed hay. The production of beans and
beets is largely concentrated in the Yellowstone and Big Horn River
Valleys. Alfalfa and mixed and native hay are the principal crops
in the higher areas. Most irrigated land provides, as a by-product,
either late-season pasture or forage such as beet tops and pulp, and
bean straw. Livestock feeding is practiced throughout the area.
Minor quantities of flax, potatoes, peas, table vegetables, and berries
are produced in certain parts of the basin.
Farming without irrigation is extensive in the Yellowstone River
Basin. Rainfall is low and erratic, and undependab_le for crop production. Growing-season rainfall has varied during the past 40
years from 5.-.to 10 inches, with an average for the basin of about 7
inches.
\
•
The total area of dry farm land in the basin is estimated at about
3,100,000 acres. The area actually cropped varies from year to year
according to weather conditio.ns and crop prices. In 1939 crops were
harvested from about 900,000 acres of dry farm land, and 2,200,00Q
acres were fallow, failed to produce a crop, or were used for pasture.
The chief crop grown on nonirrigated farms is wheat, with barley,
oats, mixed hay, and flax following in about that order. Yields are
low and variable. Wheat averages less than 8 bushels per acre,
ranging from complete failure to 20 or more bushels per acre.
Under the plan of development presented in this report, an area
equal to 23 percent of the arable dry land would ultimately be placed
under irrigation. The remainder may continue in its present status,
but much of this land should be returned to pasture. Adjustments are
constantly being made in the size of farms, the use of marginal lands,
and the production of farm livestock. Several Government agencies,
including the Farm Security Administration, Soil Conservation Service,
Grazing Service, and Agricultural Adjustment Administration are actively sponsoring programs designed to stabilize agriculture. Devel-opment of new irrigation projects will aid this objective by providing
new opportunities for settlement of the population from distressed
areas, and by providing more assured feed to carry foundation stock
in periods of drought.
Livestock raising has been a major industry of the Yellowstone
River Basin since its earliest settlement. Practically all of the arable
land in the basin was once devoted to grazing, During the homestead
boom of 1900-1920, much of the grazing land in the central part was
plowed and converted to farms, with consequent crowding and overgrazing of the r~maining ranges. When drought and depressed ,prices
caused dry farmmg to become unprofitable, large areas were abandoned
to be gradually reseeded to wild grass.
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The drought of 1931-36 caused a reduction of about 40 percent in
the livestock population of the basin. This was due to depleted
ranges and lack of feed reserves. Increased rainfall and better grazing
practices have largely restored the ranges, and the livestock losses
have been replaced.
About 38 percent of the Yellowstone River Basin is in national
parks, forest reserves, Indian reservations, Taylor Act grazing reserves,
and unreserved public domain. Timbered lands, including the
national forests, embrace about 10,000 square miles, or 14 percent
of the Yellowstone River Basin. In addition, much of the plains
area, particularly in the northern part of the basin, is covered with a
scattered growth of pines. All of the streams are bordered with a dense
growth of cottonwood trees, willows, and shrubs.
There are considerable areas of the badlands in the Yellowstone
River Basin, particularly in the southern and eastern portions. These
areas of soft shale and sandstone are eroded to all manner of rugged
outlines, ravines, conical buttes, pinnacles, and gullied escarpments,
have scanty vegetation, and are of little agricultural use. They are
the source of most of the silt carried by the Big Horn and Yellowstone
Rivers.
Ground Water resources.-Development
of ground water in the
Yellowstone River Basin has been limited to wells for domestic and
stock water use, and for the irrigation of small gardens iR the dry land
.farming areas.
The chief source of ground water i~ the alluvial fill found in nearly
all the stream valleys, and on their bordering terraces. The water in
this material is derived from nearby sur~ace sources, including seepage
from irrigation canals or irrigated land. Its quality is variable,
depending on the nature of the material in which it is found. It is
generally hard, and contains much dissolved mineral matter, the total
concentration varying from less than 500 parts per million to more
than 6,000 parts per million. The principal constituents are the
sulfates, magnesium, and carbonates of calcium and sodium. The
more highly charged waters are found in areas underlain by shale.
In certain limited areas, the .water is so highly mineralized that it
cannot be used for drinking, but is useful for stock water. Shallow
wells near cities or industrial areas are subject to contamination from
surface wastes, and therefore are not a satisfactory source of domestic
water.
Wells driven below bedrock encounter water-bearing strata at
depths of from 100 to as much as 4,400 feet. Deep wells are especially
abundant in the central and northeastern portion of the basin. Deep
drilling has met with little succ.ess in the upper Big Horn and Powder
River areas. The water obtained· from deep wells is soft, bu't high in
dissolved minerals, especially sodium bicarbonate. It is generally
usable for domestic or stock water, and is highly important in ~his
respect. Flowing wells are numerous along the Yellowstone River
east of Forsyth, and along the lower Powder River and the Tongue
River. The necessary depth of wells and the resulting pr~ss1!fe and
yield increase toward the northeast, since the aquifers dip m that
direction. The average depth of flowing wells in the Yellowstone
Valle~ ranges from about 150 feet at Forsyth to _700 feet at Terry.
The yields vary from about 1 to 300 gallons per mmute.
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·A~umber of flowing wells are located along the northern base of
the Pryor Mountains. Wells from 450 to 3,200 feet deep yield up to
about 450 gallons per minute. The water is similar in quality to that
from deep wells in the northeastern part of the basin.
.
Another important source of ground water, particularly in the
uplands and mountaiD: areas, is springs, which have a rather wide-spread occurrence. The largest are the hot springs of Yellowstone
National Park, which contribute a substantial portion of the flow of
the Yellowstone River in its upper reaches. An especially large bot
spring is located in the Big Horn Basin at Thermopolis, Wyo. Smaller
springs are s·cattered throughout the basin. While most of them
yield good quality water, some are strong with hydrogen sulfide.
Ground water in this region is particularly valuable for stock water
because of its availability in -outlying ranges where surface streams
are often dry, and ·because of its practically uniform temperature,
ranging from 4 7° to 60° F. at different places, depending on the depth
of the well. Livestock that has a~cess to ground water during winter
feeding periods makes better weight gains than it would with cold
surface water. Development of ground water in the future is expected
to be chiefly for stock water and domestic uses, with only a very limited
use for irrigation.
The use of ground water for industrial purposes is not extensive,
nor is it likely to become so. Water from shallow wells is hard, and
causes scale in boilers. Deep-well water is frequently so charged with
sodium bicarbonate that foaming is excessive. However, water from
some wells can be used for steaming, as is the case in the vicinity of
Miles City. Surface water will remain the principal source of industrial water supplies.
Municipal water supplies are generally obtained from surface water.
Several small communities and nearly all the rural areas, however,
depend on wells for domestic -trater.
Surface water resources-Sources

Stream

of run-off

Location

Average
annual
run-off in
acre-feet,
1931-40

Yellowstone River___________________
Yellowstone Lake ____________________________________
_
783,000
1,808,000
==============
============== tr~:t~~rings~=
========
=======
================
====== 2,136,000
Do______________________________
Billings ______________________________________________
_
3,136,000
Do______________________________
Miles City ___________________________________________
_
6,436,000
Do ______________________________
Sidney (Montana-North Dakota State line) __________
_
6,758,000
Do ______________________
-------Mouth of river _______________________________________
_
6,870,000
Big Horn River_____________________
Thermopolis _________________________________________
_
953,400
Do______________________________
Montana-Wyoming State line ________________________
_
2,137,400
Do______________________________
Mouth or river _______________________________________
_
2,457,000
Clarks Fork ___________
_:_____________Chance (Montana-Wyoming State line) ______________
_
580,506
Do ____________________________
-- Mouth of river _______________________________________
_
741,200
Powder River_______________________
Arvada ______________________________________________
_
187,600
Do ______________________________
Moorhead (Montana-Wyoming State line) ___________
_
277,600
310,000
385,300
464,700
82. 600
Tongue River _______________________
Decker (Montana-Wyoming State line) ______________
_
239,500
Do ____________________________
- - Mouth or river. ______________________________________
_
214,200

B~=
=

ffil!i~;!~~~
~\
~\::
\\\::
\\\~ ~ ~ ~::
:~]t~t\:::::::
::::
:::::::::::::::::::::::::::
98676-44-4
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Stream flow in the Yellowstone River Ba in is characteristically
high in the spring and early summer when the mountain snow is
melting decreasing to low ba e flows during the summer and winter.
About 60 percent of the tot&l annual run-off of the Yellow tone River
occurs during the months of 1Ia,, June and July makin(J' storaO'e
imperative for its utilization. With proper regulation the wat~
supply is adequate with a Yery few minor exception , to pron.de a
full irrigation supply for all irrigated and irrigable land in the basin
as well as to produce large amounts of continuous firm power durin(J'
such a period of drought as existed during the past decade, and ~
addition, to yield substantial quantities of water and power for use
outside the basin.
Quality of surf ace waters .-The surface water of the Yellowstone
River Basin carries considerable quantities of dissolved minerals
and m certain streams, large amounts of suspended silt. The minerals
are chiefly carbonates sulphates and bicarbonate of sodium calcium
and magnesium with carbonates predominating.
The total concentration of dissolved minerals in the Yellowstone River at Billings
averages about 300 parts per million. In the lower part of the river
at low water, tp.is may be as much as 1 000 to 1 200 parts per million.
This water has been used for irrigation for nearly 60 years without
serious soil deterioration.
However, it is necessary that drainage
systems be adequate to dispose of excess irrigation water. Otherwise
continued evaporation of the water from soil surfaces will deposit
concentrations of salt. This has occurred in several large areas along
the Yellowstone and Big Horn Rivers. Reasonable use of water,
with adequate drainage, will prevent such accumulation on future
projects, and no serious difficulty is anticipated from this source.
Measurements by the Corps of Engineers, United States Army, from
September 1929 to November 1931, indicated that the Yellowstone
River carried 55,711,200 tons of silt at Glendive, font., which is about
70 miles above the mouth of the river, and below 95 percent of its
total drainage area. This is equivalent to about 25,000 acre-feet of
silt per year, and was 93 percent of the silt carried by the ~fi~ ouri
River at Williston, 37 miles below the mouth of the Yellowstone River,
and 23.7 percent of the silt content of the 1Iissouri River at Kansas
City. Measurements made during 1930 indicated that about 51 percent of the Yellowstone River silt came from the Big Horn River.
The silt content of the streams varies widely from month to month.
Other sources of silt in the Yellowstone River Basin are the Lower
Tongue River and the Powder River and to a lesser extent, the Clarks
Fork River. Storm run-off from intermittent minor tributaries also
contributes considerable silt.
The silt is very fine, with large contents of colloidal material. It hampers irrigation by filling ditches and control structure . When
spread on the land, it reduces the aeration and permeability of the
soil, and makes tillage more difficult. Entering municipal waterworks,
it increases the cost of water clarification and clogs the intake works.
The only effective solution of the silt problem appears to be storage
on the major contributing streams, particularly the Big Horn Rive~.
Olimau.-The
Yellowstone River Basin has the rather rigorous climate which is characteristic of the ...orthern Great Plains. The growing season is relatively short, with a large proportion of sunny days
and cool nigh ts. Occasional late spring or early fall frosts damage the
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less hardy crops, particularly beans. Frequent summer storms occur,
occasionally of cloudburst intensity, an~ there is some damage to crops
by hail. Winters are 1:1-sually
s~vere, wi~h low temperat_ures and considerable snowfall. Wmds of high velocity are common m the fall and
spring. Weather records at representative stations in the basin are
summarized in the following table:
Items

Glendive

Number of years ofrecord ___________________________ 52
44.0
Mean annual temperature, degrees_----------------Minimum temperature, degrees _____________________ -50
Maximum temruratu.re, degrees _________- - -- - - - -- -- 117
Average annua precipitation, inches ________________ 14.62
.A.verage annual precipitation, 1931-40,inches ________
11.74
.A.verage May-September
precipitation,
1931-40,
inches _________________
-- _- _- _---- ----- - --- -- - - - - -7.64
Average snowfall, 1931-40,inches __ .. ________________ 30.1
Average number of days between killing frosts ______ 134

Billings

57
46. 7
-49
112
13.13
12.73
7.31

41. 3

134

Riverton

26
44.0

-46

101
9.61
8.47
4.85

-35.5
132

Cody

Sheridan

-

32
45.2
-40
105
8. 97
8.66

38
43.1
-45
106
15.31
14.33

5.54
35.0
127

7.23
49.2
130

Soils.-Preliminary
examination of the soils of the Yellowstone
River Basin has resulted in their classification, on the basis of physiographic features, into four groups as follows: (1) Soils of the valley
bottoms; (2) soils of the valley benches and terraces; (3) soils of the
bordering slopes and uplands; and (4) miscellaneous soils and land
types. The valley bottom soils, deposited by flowing water, are
highly irregular, varying in texture from clay to sandy loam. They
are generally fertile and well-drained. Much of the present irrigated
land in the Yellowstone River Basin includes this soil group.
The second soils group occupies the terraces and benches bordering
the stream valleys, rising 25 to 200 feet above the valley floors.
They, also, are alluvial soils, but more mature and uniform than· those
of the valley bottoms. They are fertile, medium textured, and commonly friable and free-working. Under proper management, with
an adequate water supply, they are capable of sustaining production
of all of the crops grown in this region.
The last two soils groups named above are not generally irrigable.
Because of rough topography, thin soil, or isolated positions with
respect to an adequate water supply, their agricultural usefulness is
limited to dry land farming or grazing.
The soils of the Yellowstone River Basin have developed under
semiarid climatic conditions, which results in the formation of little
organic material and the retention of a large proportion of soluble
mineral salts. The successful irrigation of such soils therefore requires
adequate drainage, natural or artificial, to assure removal of excess
water that might otherwise be evaporated from the soil surface and
leave a concentration of salts. Needed fertilization is generally
limited to supplemental nitrogen and phosphate, in both of which
the soils are deficient. The amounts of ·each needed depend on the
crops grown. Deficiency of phosphorus in Yellowstone Basin soils.
causes the so-called phosphorous disease in range livestock. It is
successfully controlled by feeding bonemeal, or salt containing
phosphates.
Certain residual soils developed from shale contain suffic.ient
selenium to produce injurious effects in livestock. The affected areas
are limited in extent.
.
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Markets and transportation. -Trading and ~hipping centers are well
distributed throughout the agricultural areas of the basin, providing
convenient outlets for crops and livestock.
Facilities for local processing of crops include beet sugar factories
at Billings, Sidney, Sheridan, Hardin, Lovell, and Worland; canneries
• at Powell, Red Lodge, and Billings; numerous grain elevators, creameries, breweries, and a few cheese plants. Establishments for processing livestock and dairy products are inadequate to supply local consumption. The principal agricultural exports are livestock, wool,·
grain, sugar, and beans. Livestock-mostly
feeder cattle and lambs
go chiefly to the middlewest. Wool is shipped to Boston and other
eastern areas, and grain and beans are marketed in the Chicago11inneapolis region. Sugar is more widely distributed, through
several large factory groups. Irrigation expansion, and more intensive farming, will bring more finish-feeding of livestock, and
increased dairy production, which, with increasing local demands,
will foster a relatfrely larger local processing of crops and animal
products.
The Northern Pacific, Great N"orthern, Burlington, 11ilwaukee, and
Northwestern railroads provide outlets in all directions, and a network
of Federal and State highways and county roads provide good farmto-market routes.
The important highway routes are paved, and are maintained for
year-round travel. Some of the roads over mountain passes are
closed during the winter, as are some secondary roads in remote
areas. Drifting snow interferes considerably with highway travel
during the winter.
Pop111ation and indu.stries.-Total population of the Yellowstorle
River·Basin in 1940 was 212,260, including 92,713 in communities with
a population of 1,000 and over. The larg~st rural settlements are along
the Yellowstone, Big Horn, and Clarks Fork Rivers, and on the upper
Powder and Tongue Rivers. The uplands and mountain areas are
very sparsely settled. The Yellowstone Basin include 23 percent of
the total population of 11ontana 33 percent of that of Wyoming,
and 0.2 percent of that of orth Dakota.
Farming and livestock raising are the principal industries in the
basin, employing, in 1940, 34 percent of the total working population.
The value of crops and livestock produced in 1939 was about $46,000,000. 11ining and petroleum products in the same year had a
total value of $11,860,000. "Wholesale trade totaled $43,000,000,
retail trade $80,000,000.
Industries other than those related to agriculture include oil
refining, railroad, equipment repairing, brick making, small scale
lumbering, coal mining, and the production of relatively small quantities of metals. By far the larger part of the population is s~pported
directly or indirectly by agricultural production, processmg, and
marketing.
The present distribution of activities is expected to continue, with
increasing agricultural activities matched by incre!lsing employment
in the production and processing of metals an~ ID:1Ilerals.
.
Minerals.-:Mineral
production ?f th~ basm mclud~s _coal, oil,
natural gas, gypsum, bentonite, kaolin, vanous ~ypes ~f b~ding sto}le,
sulphur, and phospha~e. Coal i_st~e most wid~ly _dist~buted, bemg
produced in commercial quantities m several distncts m the central
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and southern parts of the basin. It is of bituminous and sub-bituminous grades. A large open-pit mine is operated at Colstrip, Mont.,
by the Northern Pacific Railway Company. The other principal districts now in production are at Sheridan, Red Lodge, and the Gebo district near Worland. The total coal production in the basin in 1940
was 2,240,000 tons. This was 28 percent of the total coal produced in
Montana and Wyoming. A part is exported to other midwestern
States.
There are a number of oil and gas fields in the basin. Their total
production in 194q was 9,800,00Q barrels of oil and 23,090,000,000
cubic feet of gas. The largest fields are the Salt Creek 011 and gas
field in central Wyoming, the Baker gas field in eastern Montana,
the Elk Basin and Oregon Basin oil and gas fields in northwestern
Wyoming, and the Dry Creek oil and gas fields in northwestem,
Wyoming. Oil is refined at Billings, Laurel, Cody, Lovell, Greybull
and Thermopolis. Pipe lines from the Elk Creek field to Casper and
Billings are now under construction. The out.put of the Salt Creek
field is refined at Casper, Wyoming. "Black" oil, found in large quantities in the Big Horn basin, has found little use so far, but may be expected to be utilized in greater degree with approaching exhaustion of
the lighter oils. Natural gas is piped from the Elk Basin and Dry Creek
fields to Billings, and as far west as Bozeman, Montana.
The Baker
field serves all the towns from Miles City, Montana, to Bismarck and
Williston, North Dakota, and Rapid City, South Dakota. Nearly all
the towns in the Wyoming portion of the basin are served by pipe lines,
and a line from Salt Creek extends into Nebraska. Proposals have been
made to extend pipe lines from the Baker field to Minneapolis (620
miles), St. Paul (630 miles), and Duluth (668 miles), but no immediate
accomplishment of such projects is in prospect.
Present industrial utilization of other non-metallic minerals is
limited to the manufacture of building plaster from gypsum deposits,
production of bentonite, and the quarrying of rock and gravel for
local building, railroad ballast, and road surfacing.
Metallic minerals occurring in the mountains include gold, chromite,
copper, tungsten, silver, iron, zinc, lead, molybdenum, nickel, and
platinum. The most important of these at present is chromite,
which occurs in lenticular deposits along the north face of the Beartooth Plateau, between the Clarks Fork and Boulder Rivers. The
existence of chromite in this area has long been known. It is of low
grade, and it was not until the overseas sources formerly utilized
were made inaccessible by war, that extensive development was
undertaken. A w~r expen~iture of $14,000,000 has _been made to
develop the chromite deposits, only to have the entire works shut
down after shipment of chr'omite ore from North Africa was resumed.
The chromite ore is complex, and can be mechanically concentrated
to only 41 to 45 percent, Cr2Oa-. Its use in the steel industry, according
to available reports, is generally satisfactory, the chief disadvantages
for competition with foreign ores being its lower Cr 2O3 content and
the high freight costs of delivery to consumers.
Production of other metals is limited to gold and copper. Several
gold mines and a copper mine are operated near Cooke, Mont., and
placer gold is being dredged near Livingston. The other metals listed
above occur as traces or are insufficiently prospected to disclose
commercial quantities.
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Fish and ivildlije.-~he ~any tributaries of the upper reaches of the
Yellowstone are supplied with clear cold waters arisinO'from the melting of the snows of the humid mountain areas. Th~ streams carry
little o! no silt or _mud, for the rur1;-offth~y receive is from slopes well
clad with vegetat10n. They provide an ideal environment for trout.
After these tributaries hav,e traversed the less humid areas they enter
semi-arid areas, along the lower reaches of the streams whei·e they
receive the run-o~ of _st~rm waters from barren or sparsely. vegetated
slopes. Here rapid siltmg-up of the streams occurs and the environment becomes suitable for _onlycoarse fish. The creation of numerous
storage reservoirs, wh~ch reduce floods and catch silt, will result in not
only the marked clarification of waters near the reservoirs, but in
clarifying influences that will reach far downstream.
The plans proposed for the use of the waters of the Yellowstone
recognize that flooded areas should be cleared before water is impounded, and that in the case of fish-stocked reservoirs subject to
draw-down, provision should be made to prevent the stranding of fish
during such draw-down periods. The plan also recognizes the necessity for proper screening at points where waters populated with fish
are diverted into irrigation ditches, and provides that in the case of
streams containing migratory fish, provision should be made for upstream passage over dams, where possible.
The lower course of the Yellowstone, receiving run-off from so large
an upland semiarid area, will obviously not be changed materially from
the point of view of the environment it provides for fish, inasmuch as
much silt and mud will still reach it.
The general improvement in the productivity of irrigated areas. combined with a growing understanding that a small area on every farm
may be dedicated to the propagation of wildlife, will provide winter
cover and food for much upland game fowl and small game, now entirely dependent upon the hazards of nature. Many fur-bearing
animals, especially the smaller species, will find a congenial environment near ditches, canals and impounded waters.
In the case of the larger reservoirs in the Yellowstone Basin, and
in the basins of the other subdivisions, a lake-type of wildlife ca,n be
introduced ard maintained, thus introducing diversity into the Basin.
Problems of management will be changed; the necessity for the con•
tinued practice of sound conservation principles is fully recognized.
Recreational features.--The principal recreational area in this region
is Yellowstone National Park. Yellowstone River-below Yellowstone
Lake-drops a total of 417feet in two abrupt and spectacular waterfalls,
after which it flows for 15 miles through the Grand Canyon of ~he
Yellowstone,
gorge 1,000 feet deep, cut in multicolored, volcanic
rocks. Hundreds of active hot springs and geysers in Yellowstone
National Park, of which the best known is Old Faithful, erupting
intensely hot water to a height of 140 feet at about 60-minute intervals, make this an internationally well-known playground. About
500 000 persons visited the Park in 1940, coming from every State in
the'Union. The park is surrounded by national forests and primitiv&
areas, in and adjacent to which are located many resorts, "dude
ranches " and summer colonies that attract a large tourist trade.
Catering to this trade is one of the major industries in the basin, the
effects of which reach for long distances along the routes of travel to
the park. During the summer season, the railroads run special trains.
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and special air line and bus services facilitate tourist travel. The
highways of Montana and Wyoming carry thousands of private
touring automobiles.
Other important areas of interest to tourists are: Shoshone Cavern,
near Cody, the Indian Reservations with their annual tribal ceremonials, and the badlands in the eastern portion of the basin. Fishing
and hunting are almost year-!'ound ac~ivities. Big ~am~ abounds in
all the mountain areas, and game brrds are plentiful m lowlands.
Local parks and recreational areas are found in nearly every town in
the basin.
PRESENT DEVELOPMENT OF WATER RESOURCES

General.-W ater resources of the Yellowstone River Basin are now
used chiefly for irrigation, with important but less extensive uses for
power generation and municipal water supply. The combined output of all types of power plants in the basin is considerably less than
the current demand for power. Large amounts of power are imported
from other basins, chiefly the upper Missouri River. The use of
power for irrigation purposes is limited because of high power costs
and relatively low crop values.
Settlement in the basin began in 1807 with the establishment of a
trading post at the mouth of the Big Horn River. For many years
... trapping and hunting were the sole occupations of the few white
men in the basin.
Agriculture in the basin began with the establishment of the great
cattle ranches about 1870. Between 1870 and 1890, hundreds of
thousands of head of cattle were trailed northward from Texas to
Wyoming and Montana.
This was the era of the open range, which
served to establish the livestock industry in the Yellowstone Basin.
The first railroad, the Northern Pacific, was complete<:l in 1882, and
with it and the other rail lines that followed came a rising influx of
settlers that continued until 1917. During this time, great portions
of the arable range lands were taken up under the Homestead laws,
and farmers began to crowd out the cattlemen. Dry land farming
wa~ expanded from 1906 to 1920, under conditions of high rainfall
and high prices. Drought caused repeated failures, and dry land
farming declined. Large areas were abandoned, and whole communities depopulated.
Much of this abandoned land is now being
returned to grazing use, for which it is best adapted.
Irrigation in the Yellowstone Basin began in the late 1860's, near
Lander and Billings, and gradually increased as settlement progressed.
This early irrigation was chiefly for the production of livestock feed.
The greatest expansion of irrigation took place between 1900 and
1920, during which period nearly all of the existing projects were
developed. More than a million acres of land are now under irrigation in the Yellowstone River Basin.
At present, ~griculture in the Yellowstone River Basin is centered
about irrigation farming and livestock production, with dry land farming of minor and diminishing importance. This results in a higher
de~ree of economic stability than has heretofore been attained in this
reg10n.
Yellowstone River.-Irrigation
projects on the main stem of the
Yellowstone River contain a total irrigable area of 310,200 acres, of
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which 236,500 acres were irrigated in 1940. These are distributed as
follows:
Irrigated
in 1940

Location

Additional
irrigable
land under
existing
works

Total

-

Montana:
181,200
Yellowstone
Miles
City ___----------------------------Miles
City toPark
StatetoLine
________________________________________
40,000

27,000
41,300

208,200
81,300

Subtotal ______________________________________________________
221,200
North Dakota ____________________________________________________
..
15.300

68,300
5,400

289,500
20,700

Grand total ________________________________________________
-··_
236,500

73,700

310,200

Between Yellowstone Park and Miles City, two projects of 10,000
. and 3,000 acres have been constructed by the Montana State Water
Conservation Board, one of 1,100 acres by the Department of Agriculture for the Fort Keogh range experiment station, and the Huntley
project of 30,000 acres by the Bureau of Reclamation. All others have
been constructed with private capital.
A project of 3,500 acres, called the Lockwood project, adjoining the
city limits of Billings, pumps its water supply from the Yellowstone
River in two lifts of 60 and 100 feet, and the Fort Keogh project near
Miles City pumps its water supply through a 50-foot lift. All others
are gravity ditches, diverting water from the river by low diversion
dams or single head ga.tes. No storage has been provided, and no
serious shortages ha.ve been experienced.
Over one-half the total irrigated area along the main stream is
within 30 miles of Billings. That area has become the most highly
productive and diversified area in the Yellowstone Basin. No longtime records of production are available on the ·irrigated area, except
for the Huntley project, which was constructed by the Bureau of
Reclamation. During the period 1928 to 1943 inclusive, the average
annual cash value of crops, exclusive of livestock and livestock
products, was $35.40 per acre.
Between Miles City and the mouth of the river there are six projects
in operation as follows, none of which has been built with private
capital:
Approximate total irrigable area
Name

Acres

Kinsey_________________________________________________________ 7,200
Buffal?
~~pids:
D1v1s1on
l __________________________________________________18,000
Division 2 ___________________________________________
- - _- ___ 13, 600
Lower Yellowstone _______________________________- __- - - - - - - - - - - - 1 57, 200

~ ~gg

~ii~:Y-------------------------================================
Total ________________________________
, ___________________ 102,000

1 All

of the Sioux and 19,900acres of the Lower Yellowstone project are in North Dakota.

The Lower Yellowstone project was constructed by the Bureau of
Reclamation in 1906. This is the only gravity project in the group,
and until 1937 was the only irrigated area below Miles City. All
others are pumping projects.

41

MISSOURI RIVER BASIN

Although water has been available for practically all of the lower
Yellowstone project since 1910, much of the land was dry-farmed until
1932, and crop values were always low. The area dry-farmed continued to decrease as subnormal rainfall occurred until, in 1935 and
ever since, no land has been dry-farmed. In the meantime, the irrigated area was expanded. The average crop values by 5-year periods.
from 1928 to date, are as follows:
Crop value
per acre Period-Continued.

Period:

1928-32_________________ $28.02
1933-37 _________________ 34. 25

Crop value
per acre

1935-42 _________________ 39. 03
1943____________________ 59. 29

Construction of the Buffalo Rapids project was begun in 1937 by
the Bureau of Reclamation. The first two divisions are now in opera ..
tion, under the Farm Security Administration.
The Kinsey project was constructed by the Farm Security Adminis ..
tration in 1937, the Sidney project by the Montana State Water Conservation Board in 1938, and the Sioux project by the North Dakota
State Water Conservation Commission in 1939.
Clarks Fork Basin.-Irrigation
development in the Clarks Fork
Basin now totals 132,000 acres, of which 11,360 acres are in Wyoming
and 120,640 acres are in Montana.
All of the 42,100 acres irrigated from the Clarks Fork River are
served by many small privately constructed ditches and canals, diverting by gravity, and utilizing simple structures of low maintenance cost.
There is no shortage of water for present irrigation.
The area irrigated from tributary streams, also, is served by small
private and cooperative ditches. The water supply is generally ample
except on Thiel, Hogan, and Cole Creeks, which experience severe
shortages. Supplemental water is furnished to lands along Rock Creek
from Glacier Lake and Cooney Reservoirs, which were constructed in
1937 by the Montana State Water Conservation Board. The combined capacity of the two reservoirs, 31,700 acre-feet, is ample to meet
nearly all the supplemental water requirements of the lands along
Rock Creek.
Part of the area irrigated in the basin of Red Lodge Creek, a tribu-.
tary of Clark Fork, obtains water from East·Rosebud Creek, a tributary of the Stillwater River.
Big Horn River Basin.-The Big Horn River Basin is topographically divided into three sub-basins, called in downstream order the
Wind River Basin, the Big Horn Basin, and the Lower Big Horn Basin.
The area under developed projects in each sub-basin is as follows:
CL

Name

State

Additional
irrigable
land under
existing
system
(acres)

Area irrigated in
1940

(acres)

Wyoming _________ 110,900
Wind River Basin. ______________________________
Big Hom Basin __________________________________
____.do _____________ 263,600
_____do _________
- ___
Lower Big Hom Basin ___________________________
8,700
Subtotal ___________________________________
-------------------Montana .... ______

-------------------I

Total ______________________________________

383,200
79,300
462,500

I
I

Total

99,900
89,300
0

210,800
352,900
8,700

189,200
12,000

572,400
91,300

201,200

663,700
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and potentially irrigable lands under existing projects
(acres)

Wind River _______________________________________________________
_
Little Wind River and tributaries _________________________________
_
Popo Agie River, main stream ___
Little Popo Agie River ____________________________________________
_
Middle Fork Popo Agie River ___________~-------------------------North Fork Popo Agie River _____________~------------------------Baldwin Creek __________________________________________________
. __
Squaw Creek. _____________________________________________________
_
Willow Creek ______________________________________________________
_
Beaver Creek __________________________________________
. ____________
Bad water Creek ___________________________________________________
_
Big Horn River a__________________
.. ______________________________
_
J-

______________________

Newland
under
existing
works 1

Irrigated
in 1940

Stream

_,

_________

_

Total ______________________________________________
• __________
1
2

Ultimate
area under
existing
projects

68,600
17,500
1,800
2,700
7,100
5,100
1,400
900
2,100
900

80,700
16,500
600
0
100
100
100
0
0
300

1,100
1,700

1,600

110.900

I

2

149,300
34,000
2,400
2,700

7,200
5,200
1,400
900

0

2,100
1,200
2,700
1,700

99,900

210,800

Includes minor areas of land previously irrigated.
Includes 65,300 acres of irrigable land under the Riverton project, authorized for construction
which distribution system has not been built.
a Above Thermopolis.

but for

Probably the first irrigation works in the Big Horn River Basin
were those constructed along the Popo Agie River, in the vicinity of
Lander, by pioneers, in the late si.""'{ties.Private developments
progressed steadily until 1920, when all present systems were completed. The ditches are numerous, but are generally relatively small.
The Wyoming No. 2 canal, largest private project, was built in 1906.
It serves an irrigable area of about 12,000 acres.
Government construction within the Shoshone Indian Reservation,
which was established in 1868, began in 1873, in the vicinity of Fort
Washakie, but progress on irrigation systems for the Indians during
the ensuing 30 years was slow. In 1904, all of the area outside the
present reservation boundaries was ceded to the United States. With
the money received from the sale of these lands, more extensive
developments were undertaken within the diminished reservation.
Five units are now in operation, comprising an ultimate irrigable area
• of about 50,000 acres.
Construction on the Riverton project was begun in 1920 by the
Bureau of Reclamation.
It is the largest single project in the Wind
River Basin. Most of the irrigable land south of Five :Mile Creek is
now under irrigation, amounting to about 3_5,000 acres. A concrete
diversion dam on Wind River, about 35 miles upstream from Riverton,
diverts water into the Wyoming Canal. The Bull Lake and Pilot
Butte Reservoirs provide a total storage capacity of 182,000 acre-feet.
Incidental electric power is produced at the Pilot Butte power plant.
Second in importance in this sub-basin are the Office of Indian
Affairs projects, which, when fully developed, will include about onefourth the aggregate area, roughly eq~al to that of private en~erprises.
The latter comprise more than 100 ditches and canals, servmg areas
of 20 to 13',000 acres (ultimate irrigable), and averaging about 500
acres. Private enterprises and Indian Service lands depend almost
entirely on direct-flow diversions from the streams.
The Big Horn Basin, central sub-basin of the Big Horn River, will
have an area of 352,900 acres irrigated under existing projects, when
fully developed.

..
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New land
under
existing
works 1

Irrigated
in 1940

• Stream

•
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Shoshone River_. ____. __. __... _________________
.. _.. ______- . _- - . - - - .
Greybull River .. _._. __.. _____. _________.. _________
.. ___.... ________
Gooseberry Creek _____. ______. _____________________________________
_
Cottonwood Creek __________________________________
----- - - -- - -- -- - Owl Creek ___. _____________
. ______________
. ________________
. ________
N owood Creek ____________________
. ___. ________. __________
- _- _____- _
Shell Creek _____________________
- _______- _- - - - - . - -- - -- - - - - - - - - -- - - - Big Horn River _____________________________________
--- __-- __-- ---- _
Total. ____- --- ____--- - - - - - - --- -- - - - - - - - - - --- -- - - - - - - -- -- - - - - - -

269,000
13,000
2,400
0
300
1,400
1,600
1,600

125,000
40,000
2,800
6,400
39,700
15,900
12,800
51,000
263,600

Ultimate
area under
existing
projects

I

89,300

2

I

194,000
53,000
5,200
6,400
10,000
17,300
14,400
52,600
352,900

Includes small areas of land previously irrigated.
Includes 41,000 acres of irrigable land under the Heart Mountain division of the Shoshone project.
a 16,300acres dependent on Owl Creek have been irrigated in some years.

1

2

Irrigtttion development in this basin first began with small private
projects along Owl Creek, about 1880, and was well under way on all
streams by 1890. Larger developments, under the Carey Act, began
about 1900, and were continued to include nine such projects, of
which three are along the Big Horn River, one on Shell Creek, four
on the Shoshone River, and one on the Greybull River. They range
in size from 4,000 to 20,000 acres, and embrace a total of about
117,000 acres. Most private developments were completed about
1920.
Present irrigation in the Big Horn Basin may be roughly divided
into three general categories with respect to location; developments
along the Shoshone River, along other tributaries, and along the
main stream.
Shoshone River developments consist of the Shoshone project and
several private projects scattered along the river, both above and
below that project, with largest areas in the vicinities of Cody and
Lovell. There have been no water shortages on this stream. The
Sho~hone project is one of the oldest developments of the Bureau of
Reclamation.
Shoshone reservoir provides storage· regulation of the
Shoshone River for project use and for power production. Water
was first delivered to irrigable lands of the Garland division-in 1908,
and the reservoir was completed in 1910. The project now has four
divisions in operation, with areas as follows:
Area in acres
Division

Irrigated

Garland_.__________________________________________________________33, 470
Frannie _________
. ____________________________
-- -- ___________________
13, 780
Willwood ___________________________________
- - - . - ___________________
10, 450
Heart Mountain ____________________________
- -- . --- _________________
1, 200
l----1·----1----

Total.________________________________________________________58,900

Additional
irrigable
land
8, 430
6, 220
1, 350
39, 800
55,800

Total
41, 900
20, 000
11,800
41, OOU
114,700

The Garland and Frannie divisions, north of the Shoshone River,
are served by the Garland canal, which diverts from the river at the
Corbett Dam. The w·mwood division, on the south side of the river,
opened for settlement in 1927, is served by the Willwood canal,
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which heads at the Willwood Dam. Irrigation deliveries started in
1943 on the Heart Mountain division, which is north. of the Shoshone
River, between the Shoshone Reservoir and the Garland division.
It is supplied by means of a 3-mile tunnel under Cedar Mountain,
and a large pipe line across the river.
••
Developments on other Big Horn River tributaries embrace scattered areas or narrow strips in the stream valleys. Projects range
in size from small tracts of a few acres to as much as 20,000 acres.
Practically all of these areas depend on direct-Jlow diversions, but
some storage has been undertaken. Although most existing projects
are in a position to serve additional areas of suitable land, their
primary need is for supplemental water for late-season use. During
the past decade severe shortages have occurred on the Greybull River
and on Gooseberry, Cottonwood, and Owl Creeks, causing abandonment of many farms. Shortages were also reported in the Nowood
and Shell Creek watersheds.
Big Horn River main stream projects depend entirely on diversions
from direct flow. All projects are developed to include practically
all possible areas of suitable land. Reported serious water shortages
on lands irrigated were analyzed by compa:rjng stream flow records
at Thermopolis with estimated daily irrigation requirements for the
48,500 acres irrigated in 1940, allowing a peak rate of demand of one
second-foot of water for each 55 acres throughout the month of July.
Big Horn River-Irrigation
Month and year

water shortages-Thermopolis
1931

1933

1934

-----------1---------

1935

to Kane (acre-feet)

1936

1937

1939

1940

---------------

June ______________________
------ __--- - _______- ----- -730 ________ ________ ________________ 1, 520
July ______________________________
- _- 2, 130 ------ __ 13,700 ________ ________ ________ 4, 750 10,300
August______________________________
________ 650 3,080
1,540
220 2,690
410 12,930

----------------

•

Total__________________________2, 130
1

650

17,510

1,540

220

2,690

5, 160

14,750

Amount purchased from Bull Lake Reservoir.

The lowest run-off during the period 1931 to 1940, inclusive, occurred
in 1934. It was probably the lowest in more than 50 years. The
shortage shown above for August of 1940 is the amount purchased to
supply the Lucerne pumping plant of the Owl Creek irrigation district,
which has the latest priority. In addition, two ditches with late
priorities, on Wind River, purchased a total of about 10,000 acre-feet
of water from Bull Lake Reservoir. It is concluded that, under
present conditions, storage developments are not seriously needed for
any lands n<?wirrigated fro~ the ma~n ~tr~am, but additi_onal stor~ge
will be reqmred for future mcreases m Irrigated acreage m the Wmd
River and Big Horn Basins.
Lower Big Horn Basin-Irrigated

Stream

and potentially irrigable lands under e:&isting
projects (acres)
.
New land under Ultimate a~ea
Irrigated in 1940 existing works under ~xistmg
proJects
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Irrigation in this subbasin was pioneered by the O;ffice of Indian
Affairs with the construction of the Reno ditch on the Little Horn
River in 1885. By 1925, that agency had completed six additional
canals on t'he Little Horn River, the seven projects covering an ultimate irrigable area of about 70,000 acres. Reduction in the size of
the Crow Indian Reservation, 1890 to 1904, caused a considerable
amount of irrigated land to pass into private ownership. A few small
private ditches have also been constructed within the reservation.
Big Horn River water is used to supply the Big Horn canal (built
by the Office of Indian Affairs), the Two Leggins canal, and three small
private ditches. The first two canals serve about 80 percent of the
irrigated land supplied by the river in this subbasin. The Two Leggins canal is owned by private interests, but Indian lands therell:Ilder
are supplied under contract. Serious shortages have been reported
on the Big Horn River during the past drought period, caused chiefly
by inadequate diversion facilities.
.
About 8,700 acres of the land irrigated in the Little Horn Basin,
from tributaries of Pass Creek, are in Wyoming. The Willow Creek
Reservoir, which provides storage for Lodge Grass Creek, was recently
constructed by the Office of Indian Affairs to relieve shortages on
lands irrigated from that stream and from the lower reaches of the
Little Horn River. This is the only existing reservoir of consequence
in the Lower Big Horn Basin.
Natural flows of Soap Creek, a minor tributary of the Big Horn
River, entering immediately below the Big Horn Canyon, are diverted
by a canal near its mouth to serve 1,800 acres of land above the Big
Horn Indian canal. These lands suffered serious shortages during
the drought period.
PLAN FOR FUTURE DEVELOPMEN~

Yellowstme River.-. Proposed irrigation projects along the Yellowstone River are, without exception, located on flood plains or on
terraces rising 25 to 300 feet above the present river level. They are
scattered along the valley in small units, separated by long stretches
of rugged uplands. The river is entrenched in a cut-bank channel
about 15 to 20 feet deep, and is usually bordered by a wide flood phiin.
All of the arable bottomland is already developed. Most of it is
irrigated by gravity ditches, a few of which divert water by means of
low overflow dams. The river has an annual .fluctuation of about 12
feet, and canals without diversion dams sometimes experience difficulty in diverting sufficient water during low river stages. Construction of diversion dams on the Yellowstone River is expensive, and is
justified only when a large acreage is to be served. The few potential
projects that could utilize diversion dams are too small to warrant
such structures. Long high-line canals serving several units are
impo8$ible because of the different elevations of the inigable land and
the roughness of intervening terrain. The most practicable irrigation
plan is a series of individual pumping plants, lifting water directly
from the river, without the use of diversion structures.
Electric power is not now available at the low rates necessary for
irrigation pumping. High-voltage transmission lines traverse the
Yellowstone Valley, except from Billings to Forsyth, this 110-mile
section of the valley now being served only by low-capacity domestic

•
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lines. The western part of the valley is served by the Montana
Power Co., and the eastern part by the Montana-Dakota Utilities Co.
Existing pumping projects purchase power from these companies at
rates of 4 to 6 mills per kilowatt-hour. Such power purchases will be
eliminated under the plans for the utilization of power to be generatecl.
at Fort Peck Dam, which include Federal transmission of power to
serve all of the Yellowstone Valley below Forsyth, Mont.
Pumping power for the valley west of Forsyth will depend on the
Tongue River and Big Horn River power plants, which are proposed
as part of the future development plan for those basins. The date of
their construction cannot now be foretold.
Proposed projects along Yellowstone River
Project

Irrigable
area
(acres)

Mission ditch __________________________
_
Greycliff _______________________________
_
Cove canal extension ___________________
_
Huntley exte.nsion _____________________
_
Seven Mile flat ________________________
_
North Custer __________________________
_
Hysham _______________________________
_
Antelope flat ___________________________
_
North Sanders _________________________
_
Orinoco ________________________________
_
Chimney Rock ________________________
_
Highland Park _________________________
_
Hathaway _____________________________
_
Fort Keogh ____________________________
_
Saugus-Calypso ________________________
_
Buffalo Rapids, third division __________
Cracker Box ___________________________
_

1,280

350
2,460
2,960
7,500

3,750
7,310
14,600

1,470
1,600
3,650
10,470
1,770
3,120
2,470
13,440
800

Project

Irrigable
area
(acres)

Colgate_________________________________ 1, 300
Stipek__________________________________ 4, 800
Intake__________________________________ 840
1_ _ _
Savage ______________________________
2, 390
Elm Coulee_____________________________ 1,800
Seven Sisters____________________________ 1, 800
Sidney extension________________________ 2,450
Cartwright______________________________
920
,

__ _

TotaL ____________________________
95, 300
Less area now irrigated but included in
above projects_________________________ 2, 200
Net area of new land_____________ 93,100
Drainage projects_______________________ 122,500
TotaL ____________________________

215,600

Drainage projects: Seepage on some of the land now irrigated in
the Yellowstone River Valley is becoming a problem of real importance. Most of the older private projects made no provision for drainage, and as irrigation expanded, seepage began to develop, with the
result that there are now nearly 33,000 acres in the valley either
waterlogged or damaged by concentration of soluble salts. It is proposed to reclaim this land by the construction of drainage systems,
preferably with repayment provisions like those of the Reclamation
Act.
The Yellowstone drainage project includes 87,200 acres of irrigable
land under existing projects in the Yellowstone Valley, near Billings,
Mont. Of this area, about 27,300 acres have been damaged by
seepage. Half the waterlogged land is totally abandoned, and the
remainder produces poor crops. Some of it has probably already
been permanently lost by heavy salt concentrations. The waterlogged
area is steadily increasing, and nearly the entire project area is threatened. Local efforts to install drainage have met with some success
but a coordinated plan or method of financing has not been developed.
Several irrigation projects are involved, and drainage, to be successful, must include the entire project area, extending protection to the
unaffected land as well as affording relief for the damaged land.
A proposed drainage plan indicates that a total of about 130 miles
of drains, and the lining of several leaky canals will be required for
immediate relief of the land already waterlogged. Extensions of the
drainage system may be necessary from time to time, as new areas of
seepage develop.
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The cost of such a project should be borne by all lands in the irrigated district, since protection must eventually be extended to the
greater part of the entire area, and the burden of maintaining and
operating the irrigation canals will rest on a constantly dec!easing
productive area, in the absence of drainage.
The Custer drainage project includes 35,300 acres of irrigable land
under private projects, located in the Yellowstone Valley between
Custer and Miles City, Mont. About 5,600 acres of this area are
waterlogged and in need of drainage.
Main stream storage: The water supply of the Yellowstone River
has, in general, been ample in the past for all irrigation requirements.
Minor shortages in years of extremely low run-off have been reported
by projects with inadequate div~rsion works. These cases are rare
and have resulted in little damage to crops. Continued development
of new projects throughout the Yellowstone River Basin, however,
will eventually so deplete the summer flow of the main river that storage will be required to prevent irrigation shortages. Sufficient flow
must be maintained throughout the river to meet domestic and sanitary requirements of the farms and communities along the valley.
Residual flows in the lower part of the river must also be sufficient to
avoid harmful concentrations of soluble salts washed from irrigated
soils. Storage of about 150,000 acre-feet will be necessary to maintain this flow during the late season of most years, when diversions
for irrigation are heaviest.
•
Selection of a reservoir site for the uses outlined above must be
governed largely by practical operating conditions. The Yellowstone
River is more than 500 miles long, and the discharge is subject to
considerable variation from day to day, and at different points along
the river. It would be impossible to operate a reservoir to meet the
stated requirements with these daily fluctuations. The most practical solution is the release of sufficiently large flows to meet all requirements, with some to spare. Surplus releases will not be wasted· as
they will contribute to flows needed on the Missouri River.
The reservoir site best adapted to this purpose is the Mission Site,
on the Yellowstone River, about 16 miles below Livingston. The
Mission Reservoir would have a capacity of 892,000 acre-feet, which
in addition to fulfilling all the above needs, is sufficient to generate
30,000 kilowatts of firm power and to provide flood protection for the
Yellowstone River Valley.
Construction of the Mission Reservoir probably will not be necessary for irrigation for a considerable time to come, as irrigation
shortages developing along the lower Yellowstone River, could be met
with water from a proposed reservoir on the Big Horn River, which
should be constructed first.
The limit to which development in the Yellowstone River Basin
can proceed before providing storage for main-stream irrigation is
not clearly defined. There are minor shortages at the present time
which will gradually increase as more land is brought under irrigation.
The determining factor may not be actual crop losses from water
shortages, but occurrence of excessively low stream flow, causing
difficulty with diversion structures, municipal water supplies, and
sanitation, and a general deterioration of the quality of water. From
this standpoint, storage for main stream use will be required early in
the proposed program of development. The Big Horn reservoirs can
meet this need satisfactorily until the Mission Reservoir is constructed.
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Clarks Fork of the Yellowstone.-Present developments in the Clarks
Fork section of the Yellowstone Basin include nearly all of the land
suitable for irrigation. Only one small project, the Whitehorse
Bench, .of 1,500 acres, remains to be developed.
In its precipitous fall from the Beartooth Plateau to the valley
floor, with an irrigation requirement of only 80,000 acre-feet out of
its annual flow of approximately 500,000 acre-feet, the Clarks Fork
offers exceptional opportunities· for economical power development.
The plan of development, therefore, is primarily for power. Many
preliminary plans have been worked out for power production, and it
is possible that a plan superior to the one presented herein will be
developed after more detailed surveys and studies have been made.
A reservoir of 150,000 acre-foot capacity at the Hunter Mountain
site, a combined conduit and penstock 36,000 feet long, and an installed capacity of 12,000 kilowatts will produce 71,000,000 kilowatthours of firm power annually, under an average head of 500 feet.
Another reservoir of 130,000 acre-foot capacity at the Thief Creek
site, 15 miles below Hunter Mountain, with a 35,000-foot pressure
tunnel and penstock, and an installed capacity of 60,000 kilowatts,
will produce 350,000,000 kilowatt-hours of firm power, under an
average head of 1,250 feet. A reservoir of 40,000 acre-foot capacity
on Sunlight Creek, 5 miles above its junction with Clarks Fork River,
with a conduit 48,000 feet long, and an installed capacity of 20,000
kilowatts, will produce firm power output of 109,500,000 kilowatthours annually, under a head of 1,825 feet. The Sunlight and Thief
Creek power plants are on opposite sides of the stream, about 8 miles
above the mouth of the canyon. By a diversion dam 160 feet high
in the canyon below these power sites, 3 miles of gravity canal and 4
miles of tunnel, and an installed capacity of 30,000 kilowatts, a firmpower output of 166,500,000 kilowatt-hours can be produced annually,
under a head of 450 feet. This combination of four power plants will
utilize practically all of the available fall and water in the stream,
and the resulting outflow will pass on to the Yellowstone River above
all present and future irrigation development. The plan lends itself
to progressive stages for development, as power market increases.
Big Horn River.-Wind River Basin: The basin contains the second
and third largest tributaries of the Big Horn River, namely, the Wind
and Popo Agie Rivers, and contributes more than 40 percent of the
total run-off of the main stream at the mouth.
Future irrigation development is limited by water supplies. Several
of the proposed units are combinations of new lands and lands needing
supplemental supplies. The following units are proposed.

TotaL ________________________________________________
---- --,.-- -------1

Requires pumping from Wind River.

New acres

Land to receive supplemental water

79,400

51,400
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Five storage reservoirs are proposed, at DuNoir on the main Wind
River, at Raft Lake, Sorrel Creek, Onion Flat, and Bad Water Creek,
with a total aggregate capacity of 302,500 acre-feet, of which the
DuNoir Reservoir will have 220,000 acre-feet. No additional power
production is proposed.
Big Horn Basin: With the exception of the Shoshone River, all
tributaries flow through valleys or near areas which contain far more
arable land than can be irrigated from natural flows of these streams.
This has led, on the tributaries, to much over-appropriation of water
since about 1900, with the result that disastrous water shortages
have occurred during the last 10 years.
All proposed unites will require storage regulation to augment the
summer flows of the streams from which their supplies are derived,
and, with the exception of those on the main stream, all are limited
in extent by available water supplies rather than by any scarcity of
arable land. The ultimate plan includes the following units in the
Big Horn sub-basin.
Unit

New Land
Irrigable
(acres)

Supplemental
Water for
Irrigable
Land (acres)

Shoshone project extensions_________________________________________________ 76, 100
Owl Creek__________________________________________________________________
0
Pain trock ___________________________________________________________________
2, 700
Big Horn Pumping (14 units)_______________________________________________
20,000
Shell Creek _________________________________________________________________
.,
0

5, 200
10,000
6, 000
0
10,200

Total _________________________________________________________________
.
· 98,800

31, 400

________ _

The largest development in this group, the Shoshone project extensions,. will require considerable readjustment of existing supply
systems. The irrigated area in the Greybull River Valley, now supplied with water from Sunshine Reservoir, and the irrigable lands
in the Oregon Basin, will be supplied entirely with water from the
Shoshone Reservoir, through canal diverting from Shoshone Canyon
through the Oregon Basin, to the Greybull River. Sunshine Reservoir water will, in turn, be diverted to Wood River and then to Goose. berry Creek, for the irrigation of some 30,000 acres in the Buff a]o
Basin area. Four reservoirs, with an aggregate capacity of 185,000
acre-feet, are proposed as follows:
Reservoir
Oregon Basin ___________________________
•______________
. __________
_

Capacity in
acre-feet

150,000
Anchor ___________________________________________________________
_
15,000
Lake Solitude ____________________________
-_------ _______________
_
7,000
Red Gulch _. _____________________________________________________
_
13,000

Where used
Shoshone project extensions.
Owl Creek.
Paintrock.
Shell Creek.

The proposed Boysen Reservoir, of 730,000 acre-foot capacity, is
at the upper end of the Wind River Canyon, on the main stream.
This reservoir will provide sufficient capacity to desilt the stream, and
to supplement the natural flow along the main stream in Wyoming and
in the Lower Big Horn Basin in Montana. The Boysen Reservoir is
one of the key structures in any solution of the interstate water con-
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troversy between Montana and Wyoming, and should have first considerati~n i~· major developments. Disc;liarge from the Boysen
Reservoir will be so regulated as to produce firm power and in so
doing, provide ample flows throughout the summer se~son for all
irrigation needs in the Big Horn sub-basin. The average annual
run-off at the Boysen Reservoir site during the past 10 years was
953,000 acre-feet of water, with a maximum monthly discharge of
300,000 acre-feet, and a minimum discharge of 25,000. After all
upstream development, the minimum annual discharge will be reduced to 702,000 acre-feet, with a maximum monthly flow of 149,000
acre-feet, and a minimum of 58,000 acre-feet the latter being more
than twice the present minimum flow.
'
Regulation of the reservoir, based upon run-off forecasts from snow
surveys, will permit the reduction of flood flows such as have occurred
in the past to safe channel capacities.
•
Lower Big Horn Basin: Proposed developments are limited to
suitable land which can be served from the Big Horn River and to the
. water supply available in dry years in the Little Horn watershed.
New lands aggregate 64,000 acres, and supplemental supplies for
16,600 acres are planned.
The largest development is the Hardin project, at the lower end of
the Big Horn Canyon, most of the area lying ob.benches above and
we~t of the present irrigate:d area. The other six units are in the
Little Horn watershed. Two of them will require pumping. Three
reservoirs are proposed, two in Big Horn Canyon and one on the Little
Horn River.
The Kane Reservoir of 750,000 acre-foot capacity, at the upper end
of Big Horn Canyon, is planned to serve ultimately as a reserve silt
storage and for flood control and power development. The Yellowtail Reservoir, of 470,000 acre-foot capacity, is a combination power
and irrigation diversion dam. It is to be built of sufficient height to
utilize all of the available fall in the lower canyon for power purposes.
Diversion for the Hardin project is required at an elevation of 125 feet
above the stream bed at the damsite. Flows from both the Kane and
Yellowtail Reservoirs will be regulated to produce firm power. At
the same time, they will furnish adequate irrigation water for all requirements on the river below them. A power plant at Kane will .
have an installed capacity of 30,000 kilowatt-hours, and one at
Y ellowtail 75,000 kilowatts. Below Y ellowtail, the average annual
discharge over the past 10 years has been estimated to have been
2,137,000 ac_re-feet,with a maxi~um monthly flow of 646,000 acre-feet
and a minimum of 68,000. After all upstream development has taken
place, the annual flow will be reduced to 1,560,000 acre-feet, with a
maximum monthly flow of 329,000 and minimum monthly flow of
87,000 acre-feet.
Tongue River.-Limited water supply on Tongue River in Wyoming
precludes additional irrigation there. A proposed reservoir of 25,000
acre-foot capacity on the south fork of Tongue River, together with
existing reservoirs on other tributaries will afford sufficient regulation
to furnish supplemental water to 38,000 acres now irrigated. Physical
characteristics of the upper Tongue River Basin are in many respects
similar to those of Clarks Fork of the Yellowstone. In passing from
the high plateau area of the Big Horn Mountains to the Valley floor,
the Tongue River affords opportunities for the develop~ent of power,
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but such development is limited to seasonal output, as .the requirements for irrigation preclude wintertime power production.
South Fork Reservoir, together with a low-pressure pipe line 15,000
feet long, a 2,500-foot penstock, and an installed capacity of 25,000
kilowatts, will permit the annual development of 55,000,000 kilowatthours of seasonal secondary power particularly adapted to meet the
demands of irrigation pumping. Combined requirements of all proposed pumping projects in the Yellowstone River Basin are 51,282,000
kilowatt-hours annually.
Arable areas below Tongue River Reservoir in Montana lie in small
tracts of from 100 to 500 acres along the meandering river bottom.
Diversion dams for individual tracts are impractical. The plan of
development provides for the irrigation of 26,000 acres of this land
by the use of 67 small pumping plants distributed along the river,
over a distance of 100 miles.
Powder River.-Above
the Montana State line, Powder River is
formed by numerous tributaries rising in the Big Horn Mountains,
in Wyoming. Present irrigation development lies along.the foothills
adjacent to the mountains, and utilizes a complicated, extensive,
interlaced system of private ditches, diverting the water from one
tributary to another in such a manner as to preclude any grouping
of the area into a single, coordinated irrigation system. Below the
Montana line, the valley has characteristics similar to the Tongue
River Basin, and must be developed in the same manner. Proposed
irrigation projects in Wyoming include 44,460 acres of new land and
supplemental water for 47,050 acres of land now irrigated. The
above-mentioned area represents the maximum that can receive a
reliable water supply, to be secured by the construction of Willow
Park Reservoir of 9,700 acre-foot capacity, Triangle Park Reservoir of
4,000 acre-foot capacity, Bull Creek Reservoir of 14,000 acre-foot
capacity, Smith Reservoir of 30,000 acre-foot capacity, and Middle
Fork Reservoir of 50,000 acre-foot capacity. Present Lake DeSmet
will be revised to increase its capacity by 44,000 acre-feet. Most of
these reservoirs will furnish supplemental water to lands already
irrigated in the upper Powder River watershed. In Montana,
42,600 acres of land, lying in the valley floor, between the MontanaWyoming State line and the mouth of the river, are to be supplied
by numerous individual pumping plants. The water supply is to be
provided by the construction of the Moorhead Reservoir of 390,000
acre-fo9t capacity, a combination flood control, irrigation, and silt
storage reservoir.
Shields River.-One supplemental water unit is proposed for the
Shields River Basin. It will include a 9,000 acre-foot reservoir at an
off-stream site on Antelope Creek, to be filled by a canal from the
river. Lands along the lower part of the valley, amounting to 8,400
acres, will receive·the supplemental supply. The heaviest shortages
occur on tributary streams, notably Rock Creek and Cottonwood
Creek, but the lands affected lie on such high benches that no reservoir
site could be found to serve them.
Sweetgrass Greek.-A 12,000.acre-foot reservoir on upper Sweetgrass
Creek is proposed, to augment an inadequate supply for 12,050 irrigated acres in Melville Valley and on Otter Creek. The additional
storage water will permit a much needed readjustment of present water
uses in the valley.
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No additional units are proposed on the remaining tributaries of
the Yellowstone such as the Boulder, Stillwater, Pryor, and Rosebud
Creeks, either because water supplies a.re now sufficient and no more
new land is available, or because adequate reservoir sites could not
be found.
•
Summary.--The plan of development here outlined for the entire
Yellowstone Basin includes all probabilities which surveys, land classification, water-supply studies, and engineering judgment have shown
to have merit. The sites for 9 of the 27 dams proposed have been
explored by diamond drilling for foundation geology. At others,
test pits have been dug or satisfactory bedrock is exposed in the creek
bottoms and abutments to such an extent as to render preliminary
drilling unnecessary. Collateral engineering, such as canal surveys
and land classification, has been done in sufficient detail to justify
reasonable confidence in the results. On the whole, the plan is believed
to represent a development adequate for basin needs for many years
to come. Detail studies will show minor modifications to be desirable,
but the plan as a whole will probably not be changed materially.
The following tables summarize the plans, the areas to be irrigated
and furnished supplemental water, the reservoirs and their capacities,
and the multiple purposes of various features of the plan.
Summary of proposed irrigation and drainage units (acres)
Unit

Yellowstone River-Main stem:
Mission Ditch ..................................................
··-·
Greycliff ............
·-· ...... •-· ...................................
.
Cove Canal extension ..............................................
.
Huntley extension .. _._ .......................................
··-· ..
Seven Mile Flat ..... ···-·-·····-·
.... -· ................
··-···- .•...
North Custer .............
··-··.·- .................................
.
Hysham ....... ··-··· .. • .... --·· ........ ··-··· ..................
--··
Antelope Flat ____........ ·--· .....................................
.
North Sanders .........................
····-· ......................
.
Orinoco ............................................................
.
Chimney Rock ....................................................
.
Highland Park ... -· ...............................................
.
Hathaway ..................
··-· ...................................
.
Fort Keogh ...........
··-····· .....................................
.
Saugus.Calypso ....................................................
.
Buffalo Rapids, third division __...................................
.
Cracker Box .......................................................
.
Colgate ......................
_.... _.............................
-. ••
Stipek ..........................................
•..................
.
Intake ............................................................
••
Savage .......................................................
••·····
Elm Coulee ........................................................
.
Seven Sisters .......................................................
.
Sidney extension ...................................................
.
Cartwright ........................................................
.
Billings drainage.- .................................................
.
Custer drain.age ....................................................
.
Big Hom River Basin:
Fremont ...................................................
: .......
Little Wind River..................................................
Popo Agie River....................................................
. f~~t~X:ifench·---···-·········································-····
Bad'\tater ... . . .. . . . . . . . ...............
..........
..........
... .. . ....
Shoshone project extension..........................................
Owl Creek ......................................................
-·..
Paintrock...........................................................
Shell Creek.........................................................
pumping.··········-····························=========
Little Horn.........................................................
Bench.. •••••••••••••••••••••••••••••••••••
···::: .........
·-.

{tfrl~m
i~~f!

1

New land

1,280

350

2,460

2,960
7,500
3,750
7,310
14,600
1,470
1,600
3,650
10,470
1,770
3,120
2,470

13,440
800

1,300
4,800
840

2,390
1,800
1,800
2,450
920
0
0
561

oog
0

1~:~
1, 100
76, 1og
2, 700
0
~; ~

l

O

~

Supplemental
water

0
8
0

0
0

0

.o
0
0
0
0

0
0

0
0
0
0
0
0

0
0
0
0
0
0
0
0
O
34,000

14,7<>g
0
2, 700
5,200
14,400
6,000
10,200
1,
14,800

Total area
benefited

1. 280

350
2,460
2,960
7,500
3,750
7,310
14,600
1,470
1,600
3,650
10,470
1,770
3,120
2,470
13,440
800
1,300
4.800
840

2,390
1,800
1,800
2,450
920
t 56. 400
135,300
56,000
34,000

14,700
1i: ~
3, 800
81,300
14,400
8, 700
10,200

so8 ~:~
g

14,800
1~:~

This area is irrigable land under existing projects that will have to be drained before it can be irrigated.
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Summary of proposed irrigation and drainage units (acres)-Continued

Big Horn River Basin-Continued.
Ben teen Flat_ ______________________________________
:.________------Battlefield ________________________________
- _- - - - - -- - - - - - - - - - - - - - - - - Crow ______________
- - ___- - - - - -- _- ---- ___-- --- - - - - --- - ----- - - - - - - --- Clarks Fork Basin: Whitehorse bench _________________________________
_
Tongue River Basin:
Sheridan CanaL __----------- ___----------- _- - -------- ---- -- -- - - -- - Tongue River pumping _________________________
-----------_ - _- -- - -Powder River Basin:
Piney ______________
----------- -- -- - --- - - - - --- -- - - ---- - -------- - - - - - Buffalo _____________________________
- ___- _- _- - - - - - - - - - - - - - - - - - - - - - - Crazy Woman ____________________________
-- - -- - - ----- ---- - - - - - - -- - French Creek ___________________________
- _- ---- _- _---- - - -- ------- --Kaycee _____________--- _- ___- _-- - - -- - - -- - - - - - - --- ----- - --- - - --- ---- Arvada _______________
- _- _- - - _- _- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - U cross ____________________________
---- -- __- _____-- - ___- ___- ------ ___
Moorhead ________________
-- -- - _-- ---- ----- -- - - ----- -- - - - - - ----- - - - Miscellaneous:
Shields River. ___________----- ________- ___-- -- __- _-- - ------ - ------- _

~

ir::;ft~!xtension

Supplemental
water

New land

Unit

__- -- - -- ----- - - - --- ----- - - - - - - - - - - - - - - - - - --- -- -- -

Total area
benefited

1,600
1,200
1,200
1,500

0
0
0
0

1,600
1,200
1,200
1,500

0
26,100

38,000
0

38,000
26,100

0
0
9,400
0
10,400
17,700
6,860
42,600

9,600
10,400
6,900
3,850
6,400
0
5,050
0

9,600
10,400
16,300
3,850
16,800
17,700
11,910
42,600

0
0
57,500

8,400
12,100
0

8,400
12,100
57,500

Total ________------ - - - -- ----- -- -- ------- - - - - -- - - - • - - - - - - - - --- ---- - , 509,560

I

204,500

1 An additional 218,440 acres remain to be irrigated under existing projects, and an additional
will receive supplemental water from existing projects.
a Includes draina.e:e Drojects.

a 805,760

122,500 acres

Proposed reservoirs

.
Reservoir

I

Stream

Unit served

Total
capacity

Purpose

Acre-feet

Mission ____________ Yellowstone River ____ Main stream __________ 890,000

•

Power, irrigation, flood
control.
Boysen _____________ Big Hom River _______ Big Horn and Yellow730,000 Irrigation,
power, silt,
stone.
flood control.
Kane ____________________do _____________________do ________________ 750,000
Do.
YellowtaiL ______________do ________________ Hardin ________________ 470,000
Do.
DuNoir ____________ Wind River ___________ Fremont ______________ 220,000 Irrigation, flood control.
Raft Lake __________ North
Little Wind River ____
Fork
Little
41,000
Do.
Wind River .
Popo
Agie
_____________
Soral Creek ________ Popo Agie River ______
25,000
Do.
Hudson _______________ 9,000
Onion Flat _________ Tributary
of Little
Do.
Bench _________________
Wind River.
---------Bad water __________ Tributary
or Bad- Bad water _____________
7,500
Do.
water Creek.
Oregon Basin ______ Shoshone River, off- Shoshone Extension ___ 150,000
Do.
stream.
Anchor _____________ South Fork of Owl Owl Creek ____________ 15,000
Do.
Creek.
Lake Solitude ______ Pain trock Creek ______ Paintrock _____________
7,000
Do.
Red Gulch _________ Shell Creek, offstream_ Shell Creek ___________ 13,000
Do.
Little Hom ________ Little Hom River_ ____ LitUe Horn ___________ 50,000
Do.
Antelope ___________ Shields
Shields River _________
River,
9,000
Do.
offstream.
Sweetgrass _________ Sweetgrass Creek _____ Sweetgrass ____________ 12,000
Do.
Hunter Mountain __ Clarks Fork ___________- -- ---- - -------------- - - 150,000 Power, irrigation, flood
control.
Thier Creek _____________do ________________- - ----- -- ---- ---- ------130,000
Do.
Sunlight_ __________ Sunlight Creek ________
40,000
Power,
flood control.
Sheridan ______________ 25,000 Irrigation, power, flood
South Fork ________ South Fork or Tongue -----------------------River.
control.
Piney _________________ 9,700 Irrigation.
Willow Park _______ South Fork or Piney
Creek.
Buffalo ________________ 4,000
Triangle Park ______ South Fork of Rock
Do.
Creek.
Bull Creek _________ Clear Creek ________________do ________________ 14,000 Irrigation, flood control.
Lake Desmet. _____ Piney Creek __________ U cross ________________ 1 44,000 Irrigation.
Smith ______________North Fork of Powder
Crazy Woman ________ 30,000 Irrigation, ffood control.
Mayoworth ___________
River.
Middle Fork _______ Middle Fork of Pow- Kaycee ________________ 50,000 Irrigation, flood, silt.
der River.
Moorhead __________ Powder River _________ Moorhead _____________ 390,000
Do.
Total for Zl reservoirs _________________________________________
4,285, 20()
I

Increase in present capacity.
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of proposed development, by States

IRRIGATION

OR DRAINAGE

New lands
irrigated

Acre&
Montana __________________________________________________________
_
227,230
North Dakota _____________________________________________________
_
2,270
Wyoming ______
-------------------------__________________________
_
280,060
Tota} ________________________________________________________
_

509,560

Supplemental
water
furnished

{

Total area
benefited

Acre&

191,700
37,100
0
167,400
296,200

Acre,

}

356,030
2,270
447,460
805,760

RESERVOIRS
Number

Capacity

Acre-feet
Montana ______________________
• _______________________
..__________________________
_
4
1. 762,000
Wyo ming ________________________________________________________________________
_
23
2.523,200
TotaL_·_____________________________________
•_______________________________
_
27
4,285,200
POWER

PLANTS
Name

Installed
Annual firm
kilo}Vatts production

.__________________
_
Montana ____________________________
_ Mission ____________
50,000
YellowtaiL __________________________
_
75,000
_
Wyoming ____________________________
_ Boysen _______________________________
10,000
Kane _________________________________
_
30,000
Hunter Mountain ____________________
_
12,000
Thief Creek __________________________
_
60,000
Sunlight_ ___________
--~ ______________
_
20,000
Bald Ridge __________________________
_
30,000
Tongue River ________________________
_
25,000
Total (9)_______________________
_
312,000

Kilowatthours

263,000,000
332,000,000
56,900,000
139,300,000
71,000,000
350,000,000
109,500,000
166,500,000
21,000,000

1, 509,200,000

•

1 Drainage.

Upper Missouri River Basin
FOREWORD

The Upper Missouri River Basin is defined as that part of the
Missouri River Watershed lying in Montana and the Dominion of
Canada above the mouth of Milk River, one of the principal tributaries of the Missouri River. Milk River drains 7,690 square miles
in the Provinces of Saskatchewan and Alberta, in Canada. The use
of its run-off, together with a part of the waters which originate in the
St. Marys River Basin in the United States, and would normally
flow into Canada in the St. Marys River, has been the subject of an
international treaty that has beeo. in effect for more than 20 years.
The development of 998,700 acres of irrigated land, and dry farming
agriculture on 9,800,000 acres of land, has created the greater part of
the present total assessed valuation of $516,476,000 in the basin.
Practically the entire dry farming area experiences aa average annual
rainfall of 14 inches or less, and. is therefore generally considered as
marginal dry farming territory. An additional area of 460,900 acres
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of land can be brought under irrigation, and supplemental water supply
can be furnished for 208,700 acres of land.
Above Great Falls, further irrigation development is dependent upon
construction of additional storage on the main Missouri River to permit maintenance of present extensive power facilities, which were
constructed in early years, before irrigation possibilities were realized.
A physical solution of this conflict in water use is one of the principal
objectives to be accomplished in any comprehensive plan of development.
Easily constructed and low-cost irrigation projects have· already
been built, and the natural stream flow during the late summer is
already overappropriated on most of the tributaries.
Future projects

---
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I

-··-!

i.._

··r
I
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~------------L-
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involve the construction of reservoirs, pumping plants, and other
structur~s 1 the cost of which in nearly 3:ll ca~es will exceed the ~epayment ability of the land owners. Basm-wide development with its
widespread benefits will provide an economically sound program for
utilizing the remaining water resources of the basin.
GENERAL

DESCRIPTION

Physical features.-The Upper Missouri River drains a total area of
80,200 square miles, all but 9,870 square miles of which is in Montana.
The total length of the area drained is 400 miles, and its maximum
width is 250 miles. The principal tributaries with their respective
drainage areas are:
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Streams and drainage area
Square mile,

Jefferson River _______________
Madison_ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __ _ _
Gallatin_____________________
Dearborn River______________
Sun River ___________________
Smith River_________________
Teton _______________________
Marias_ __ _ _ _ _ __ _ _ _ _ __ _ __ _ _ _ _

.

9,580
2, 560
1,830
480
2,020
2, 020
1,955
6, 960

Square milea

Judith ______________________
2,770
Musselshell River____________
9, 000
Milk River__________________
22, 300
Main Stream-Three
Forks to
Milk River_ __ __ _ _ _ _ __ __ _ _ _ 28, 825
Total _________________

80,200

The watersheds of most prolific. run-off are in and adjacent to
Yellowstone National Park. The main Missouri River is formed bv
the confluence of the Jefferson, Madison, and Gallatin Rivers, near
Three Forks, Mont., Its length above Milk River, when combined
with the longest tributary, Jefferson River, is 810 miles. Above
Three Forks, the three tributaries spread fanwise to their sources in
the main and secondary ranges of the Rocky Mountains.
There are
no lakes of large. size within the basin, but there are numerous small
lakes on the headwaters, near the crest of the Rocky Mountain
Divide. The main Missouri River is made up essentially of mountain
streams until it reaches a point about 25 miles above Great Falls,
where it flows into a wide foot-hill valley that gradually merges into
a plains area. The river is in a canyon from Three Forks to Great
Falls, and below Great Falls it lies in a meandering narrow valley
surrounded by high benches and prairies. The Sun, Teton, Marias,
Musselshell, Judith, and Milk Rivers enter the Missouri River in the
prairie section.
Elevations range from 2,000 at the mouth of the Milk River to
mountain peaks of more than 11,000 feet in elevation. Most of the
irrigated area is in the intermontane valleys above Three Forks, or
along the foothills, where easy diversion is possible from streams flowing from the high mountain ranges. The valley of Milk River has
been developed extensively for irrigation between Havre and its mouth
by transbasin diversion of a portion of the water supply from St.
Marys River, which rises in Glacier National Park and flows into
Hudson Bay, in Canada ..
Land use.-Major land use types in the basin areAcre,

Irrigated land ___________ _
998, 700
Arable dry land _________ _ 9, 800, 000
Privately
owned grazing
land __________________ 16,500,000
Taylor grazing districts___
3, 400, 000
State-owned grazing land__
300, 000
National forests__________
6, 400, 000
National parks___________
900,000

Acre,

Indian reservations ______ _
Mining mineral claims ___ _
Unreserved public lands in
grazing districts _______ _
Miscellaneous areas ______ _
Total _____________

2,100,000
400,000
1,000,000
9,401,300
51,200,000

Dry farming has met with greatest success in the prairie lands north
of the river, and in some areas around Three Forks.
.
High mountain slopes are covered wit~ de°:se growths of comfe~ous
trees. The mountain areas ·are used primarily for summer grazmg,
the better grazing lands being in high valleys and mountain peak
areas. Commercial lumbering is of small importance_.
.
Irrigation is practiced uniformly where wate~ supplies ca!! be easily
obtained, from the lowest altitudes to the lugh mountam valleys.
The Big Hole Basin, in the extreme southwestern part of the area,
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has one of the largest areas of irrigated wild-hay meadow in the West,
totaling about 150,000 acres. It is at an average elevation of 6,200
feet.
Many tourists and vacationists are attracted each year by scenic
beauty and by opportunities for fishing, hunting, and outing in and
near Yellowstone and Glacier National Parks.
Ground water resources.-Hot springs are quite frequently found in
the mountains and along the foothills, but they have little practical
use, except in connection with dude ranches and tourist resorts.
Three large cold springs are notable: one near Toston, Mont., which
has a uniform flow in excess of 60 second-£eet; another called Giant
Springs near Great Falls, which flows from 300. to 500 second-feet
and Big Springs near Lewistown, with an average flow of 108 secondf eet. Very few wells have been drilled for the express purpose of
securing water for irrigation. The ground water resources are not
sufficient in extent, nor sufficiently accessible, to encourage further
development. Domestic water, in all the mountain areas, is easily
obtained from surface sources, but in the prairie areas wells must be
drilled to depths of from 150 to 300 feet to obtain.potable water in satisfactory quantities. Many of the dry-land farmers are accustomed
to hauling water long distances for storage in farm cisterns.
Surface water resources.-The average annual flow of t;I:ie main
stream and of many of the tributaries, where records are available for
the past decade of unusually low run-off, are as follows:

Acre-feet

Missouri River at Fort Peck, Mont ______________________________ 4,630,000
Missouri River at Fort Benton, Mont_ ___________________________ 3,514,000
Houser Lake__________________________________________________ 2, 344, 500
Madison River near West Yellow~tone___________________________
279,600
Gallatin River near Great Falls, Mont___________________________
441,000
Red Rock River below Lima Reservoir___________________________
96,000
Beaverhead River at Barratts___________________________________
154,000
Ruby River at Ruby Reservoir__________________________________
580, 800
Big Hole Reservoir near Melville________________________________
599, 000
Marias River near Shelby______________________________________
503, 000
Musselshell River at Mosby____________________________________
100,000
Milk River at mouth___________________________________________
358,000

All mountain streams discharge about 35 percent of their total
annual flow during the spring and early summer months, as accumulated winter snows in the mountains are melted. The prairie streams
are erratic in flow, and frequently have floods caused by local rain
storms. In the prairie areas the ratio of required storage in reservoirs
to acreage irrigated is several times that necessary in the mountain
areas.
Quality of water.-In general, the quality of the stream water in the
basin is suitable for irrigation, and will remain so under conditions
of ultimate development. The Missouri River, in this portion of the
basin, is not a heavy silt carrier. Only 15 percent of the total silt
in the river, below the mouth of the Yellowstone, comes from the
Missouri proper.
Olimate.-The basin, as a whole, has a rigorous climate. The growing season is relatively short. The summer season has hot days of
abundant sunshine and cool nights. Occasional late-spring or earlyfall frosts cause crop damage, as does hail. In the mountains much
of the precipitation occurs as snow, but in the prairie area frequent
summer showers and occasional cloudbursts are experienced. Winters
98676-44-5
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are generally severe, with sub-zero temperatures and occasional
blizzards. Records at stations representative of the more important
areas in the basin are presented below:
Typical weather records-Upper Missouri River Basin
Item

Boze-

Number years recording:
Temperature ___________
Precipitation ___________
Mean annual temperature (0 )_
Minimum temperature _____
Average annual precipitation (feet):
Total period of record_
1931-40_________________
Average May-September
precipitation, 1931-40_____
Average annual snowfall
(feet):
1931-40_____-- __-- _-- ---Total period of record ___
Days between killing frosts,
1931-40____-- -------------1
2

man

Dillon

Great
Falls

--

--

46
46
41. 9
-53

42
45
43.9
-40

17.94
15.83

16.29
12.42

48
43
45.7
-49

Glas-

gow

--

Havre

--

Helena

Lewis- Round- Harlow-

town

--

--

up

--

46
46
42. 3
-32

61
61
44.0
-31

61
61
43.9
-42

43
45
44.1
-42

18
20
46.0
-52

32
32
41. 0
-54

14. 71
13.03
12.40 1 11.40

15.16
11.82

12.82
10.31

18.40
15.61

12.49
IO. 32

12.45
14.11
8.99

7."03

7.89

17.82

7.44

6.04

9.03

6. 19

69.2

71

43.0
58.l

39.3
44.1

19.4
36.4

41. 5
51. 0

50.0
56.3

48.8
69.0

25.4
25.4

135

134

155

141

147

157

129

146

7.64

ton

--

(2)
(2)

123

1930-39records.
No record.

Soils.-Most of the arable soils of the basin are inherently fertile,
and are suitable for continued profitable cultivation when supplied
with adequate and properly distributed moisture. Soils in the stream
valleys and bottoms and on the first terraces or benches are, in
general, the most productive. Most of these soils are of medium texture and have good natural drainage, are free working, and are not
subject to baking.
The semiarid climate of the basin has restricted plant growth and
the leaching of soil chemicals on undeveloped areas. This has resulted
in a high lime content and light-coloration of soils, particularly on the
irrigable benches. Areas north of the main river are in glacial tills,
while south and east of the river many of the soils have their origin in
shales and sandstones.
Markets and transportation.-On all of Milk River and the main
Missouri, trading and shipping centers are well distributed, with
transportation facilities furnished by the transcontinental Great
Northern Railroad and its branches. The southwestern portion of
the basin and the southcentral part are served by both the Northern
Pacific and Milwaukee transcontinental railroads and their branches.
Oiled highways or graveled roads traverse most of the developed
areas; but in the interior areas transportation facilities are extremely
limited, and can be reached only over unsurfaced roads which become
practically impassable in wet weather.
Population in the basin in 1940 was 247,950 persons, of which 85,395
were classed as urban and. 162,557 as rural population. The basin
population is 44.6 percent of the total population in the State.
Phenomenal growth of population was experienced up to 1930. Since
then, rural population has declined and urban population has made
slight gains.
The 1939 census shows total annual wholesale trade of $59,854,000,
retail trade of $101,973,000, and service establishment receipts of
$4,560,000.
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Mineral reso1.1,rces.-Gold,silver, lead, zinc, copper, coal, oil, and gas
are the principal mineral resources of the basin. The following values
in metals were produced in 1939:
Gold_J-----------------------------------------------------$~34~860
Silver
_______________________________________________________
1,578,300
Lead________________________________________________________

461,780

Zinc________________________________________________________ 188,570
Copper______________________________________________________ 143,397
Total _________________________________________________

9,725,880

There was a total of 1,151,070 tons of coal mined in the upper basin
in 1939. Over one-half of the total production came from the Roundup fields, on the Musselshell River, and was used principally by the
Chicago, Milwaukee, St. Paul & Pacific Railroad. Forty percent of
the production came from the Sand Coulee area, near Great Falls.
Oil production in 1939 amounted to 5,172,800 barrels, and 14,000,000 000 cubic feet of gas were produced in the basin. Most of the oil
co~es from Glacier and Toole Counties, and the major portion of the
gas is a byproduct from the same fields.
.
The basin contains deposits of many other metals, some of which
have been mined in the past, including manganese, tungsten, phosphate rock, antimony, arsenic, sulfur, graphite, asbestos, molybdenum,
chromium, corundum, gypsum, vermiculite, kaolin, and fluorspar.
The latest data do not indicate important operations involving the
above-mentioned minerals, and no record has been found to prove the
existence of important reserves. One cement plant in the basin, at
Trident, Mont., produced 394,900 barrels of Portland cement in 1940.
The mill has a capacity of 2,250 barrels per day.
Smelters, electrolytic zinc plant, and wire mills near Great Falls
refine and process the ores produced over a large part of Montana,
but most of the production is centered around Butte, which is just over
the divide from the Missouri River Basin.
Recreation, and fish and wildlif e.-Y ellowstone and Glacier National
Parks are the basin's greatest attractions for tourists from all parts of
the United States. Yellowstone alone attracts an average of 500,000
visitors annually during normal years, and Glacier Park about half
that number. Innumerable small lakes and mountain streams abound
in fish and wild game. Within forest reserves, recreation facilities
are encouraged and developed. Along the foothills and through the
intermontane valleys, an important business has sprung up in dude
ranching. Business done by tourists en route. to, in, and from the
recreational areas of the basin totals around $35,000,000 per year, in
normal times. The Upper Missouri Basin will not undergo any
profound change with respect to the environment it provides for
wildlife, as a result of the plans proposed for the development of the
waters of this subdivision of the basin. Such changes as may occur
will be of the same order as those noted for the upper reaches of the
Yellowstone River Basin. Stabilization of stream flow throughout
the season should, on the whole, improve conditions for wildlife.
Plans for the use of water by diversion will make provision for preventing loss of fish.
PRESENT DEVELOPMENT

The use of water resources of the Missouri River Basin above Fort
• Peck for purposes other than irrigation or power is of little economic
importance. The river is not used for navigation, and nothing but
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power and irrigation reservoirs has been constructed thereon. Great
Falls has the only large municipal water system utilizing water from
the Missouri River. Other municipal requirements in the basin are
filled by the flow of small tributaries or by wells. Local markets for
electric energy are p·redominantly industrial. Smelters, refineries,
and more than 400 miles of the electrified portion of the Milwaukee
Railroad make up a large part of the power load.
Jrrigation.-Irrigation
developments consist of numerous community or privately owned ditches, the Sun River and Milk River projects
of the Bureau of Reclamation, the Broadwater-Missouri project of the
Montana Water Conservation Board, and an irrigation system cons.tructed by the Office of Indian Affairs on the Blackfoot Indian Reservation. Of approximately 1,000,000 acres of land now irrigated in the
basin, about 210,000 have been developed by Federal money and 12,000
by State funds borrowed from the Public Works Administration.
The
remaining areas have all been developed through private capital or the
labor of farming communities. In the extreme upper end of the basin,
particularly in the Red Rock, Horse Prairie, and Big Hole tributaries
of the Jefferson River, irrigation farming consists chiefly of raising wild
hay which is used for a feed base by the cattle and sheep industries.
The Big Hole River Basin alone has 150,000 acres of wild-hay meadow.
Its high elevation precludes the growing of any othec crops. From the
city of Dijlon, down stream along the main Jefferson River, a much
wider diversification of crops is possible, and wild-hay meadows are
used to only a very small extent. The largest and most intensively
cultivated area above Great Falls is in the Gallatin Valley, where
128,600 acres of land have been developed by irrigation, for over 40
years. No reservoirs have been built tributary to this area, all canals
being entirely dependent upon natural flow of the Gallatin River and
its branches. Several severe water shortages have been experienced
within the past 12 years. Near Helena, an are8 of approximately
10,000 acres has been irrigated for over 20 years by a series of pumping
plants built on the backwaters of Hauser Lake Reservoir, a reservoir
which was constructed for power purposes in the early 1900's. Small
irrigation developments are to be found on all of the principal tributaries of the Missouri River above Great Falls, but other than those
mentioned above, no large areas are included under single canals.
Most of the irrigation development w~s completed by 1920. There
was a period later during which numerous irrigation districts were organized for the promotion of irrigation projects. Dozens were proposed, but none was developed. Several attempts were made to· promote Carey Act projects, but none was successful. The extent of
present development in this portion of the basin is shown by the irrigated acreage on tile following streams:
Acres

Red Rock River _____________ 40,100
Horse Prairie Creek__ _ ______ 35, 500
Beaverhead _________________ 56,800
Ruby River ________________ 25,300
Big Hole River __________•____ 144,500
Jefferson River ______________ 45,200
Boulder ____________________ 10,300
Madison_ _ _________________ 30, 900

Gallatin ____________________
Dearborn ___________________
Sun River __________________
Smith River_ _______________
Main Missouri_ _____________

Acres

128,600
9,100
105,300
24,700
72,100
Total ________________ 728,400

In the prairie area, eastward from the moun_tains _an~ footh:ills,
irrigation .development has proceeded on the M1ssour1 River tr1bu-.
taries as follows:
.
.
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Acru

Musselshell River ____________________
~ _____________________
- _- _- - 59, 000
Marias _________________________________________________________89,000
Teton __________________________________________________________34,700
Judith ______________________________·_______________________• - _ 21, 300
Milk River _____________________________________________________ 65,000
Total ____________________________________________________269,000

In the Musselshell River Basin, irrigation has been sporadic and,
on the whole, unsuccessful, because of the extreme shortages in natural
flow in many years. This condition led to the construction of three
reservoirs by the Montana State Water Conservation Commission,
in the period from 1936 to 1940. The full utilization of these reservoirs has not been experienced, as distribution ditches were not cons~ructed to carry the storage watjer to the land. The waters of Sun
River have been utilized chiefly by the Bureau of Reclamation on
the Sun River project, through the construction and operation of the
Gibson, Willow Creek, and Pishkun Reservoirs, but the area can be
extended to quite a large ·extent by the construction of additional
reservoirs. The Teton River has been developed to it fullest possible
extent, and no opportunities have been found for further extending its
area except by importation of additional water supplies from the Sun
River.
All of the present irrigated area on the Marias River is adjacent to
the foothills in the upper reaches of the river; an extension of the
present area does not appear practical, although there is an annual
average surplus of 400,000 acre-feet of water passing from the several
tributaries of the Marias River into the main stream. The plan for
utilizing this surplus is described later. In the Milk River Valley,
several private irrigation districts have developed their projects in
Canada beyond capacities that could pe utilized with the waters of
Milk River alone. To aid in increasing the supply, waters from St.
Marys River have been imported under an international agreement
with the Dominion of Canada. Only minor additions to the present
area appear practicable.
PLAN OF FUTURE DEVELOPMENT

The Upper Missouri River Basin is naturally divided by physical
characteristics into two general regions, which require developments
of different types. Above Great Falls, a series of intermontane
valleys afford numerous possibilities for comparatively small, scattered, irrigated units, while below Great Falls the terrain is a large
tableland with prairie characteristics, broken up by deeply entrenched,
narrow, meandering streams. Projects therein are large and compact. Irrigation is already extensively developed in the basin
proper, and in tributary valleys from Great Falls, at elevation 3,300,
to elevations as high as 6,200 feet. High-altitude valleys are used
exclusively for production of wild hay, which is irrigated by continuous flooding in the spring. From elevations of 5,200 feet downward, more diversity in crops is possible, with consequent greater
crop values, which range from $6 to $8 per acre on high wild-hay
meadows to $22 and $35 per acre in lower altitudes. Many of the
valleys are dependent on natural flows for their water supplies,
experience severe shortages, and require additional storage for needed
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supplemental _water. Increa~e in pres~nt areas is possible only by
the co?struct10n of reservoirs and higher canals, both relatively
expensive features, heretofore beyond local financial ability.
ffitimate development is limited by tributary run-off except on
the main stream, where future irrigation developments must be coordinate~ _with the use of ~ater i~ existing power developments.
Any addit10nal water-consummg proJects above Great Falls without
addi~ional storage capacity, would impair power output. Aphysical
solut10n for such a conflict in water use is one of the requisites of a
final plan.
Below the lowest power plant near Great Falls, the elevation of the
Missouri River is so low (2,816 to 2,350 feet) that utilization of its
waters on the high surrounding tablelands (2,800 to 3,000 feet elevation) is impracticable.
The Milk, M arias, Teton, Judith, and
Musselshell tributaries must, therefore, be used for water supplies for
new developments, or to supplement present water rights.
The proposed Canyon Ferry Reservoir, of 2,000,000 acre-feet
capacity on the main Missouri, near Helena, together with its accompanying 35,000-kilowatt power plant, is a key structure, required
to permit ultimate upstream development. It would re-regulate
residual flows of the river after full development of upstream irrigation, so as to maintain present power capacities at the plants in
question below the reservoir. The remaining proposed units above
Great Falls are briefly described as follows:
Red Rock unit will provide supplemental water for 5,600 acres of
land in Red Rock Valley, and a full supply for 1,000 acres of new land
under existing distribution systems. About 10,000 acre-feet of
storage in the existing Lima Reservoir will be used. This reservoir
has a capacity of 90,000 acre-feet, but it has not been fully utilized
because of litigation, inadequa.te administration, and extensive transportation losses. Some of the space in this reservoir is owned and
used by irrigators in Beaverhead Valley, near Dillon, and as their
lands will in the future be served by another proposed unit, read·justment of ownership and use of the Lima Reservoir will be required.
This does not appear impracticable.
By the construct.ion of the 15,000 acre-foot Brenner Reservoir on
Horse Prairie Creek, 1,300 acres of new land under existing ditches
can be served, and water supplies on 10,700 acres of irrigated wild-hay
land will be supplemented.
.
The Dillon Valley unit is one of the larger proposed developments
in the Jefferson River Basin. Clark Canyon Reservoir, on Beaverhead
River, below the town of Armstead, if built to a capacity of 150,000
acre-feet, will furnish a full supply of water for 25,000 acres. on a bench
east of Dillon, and a supplemental supply for 14,500 acres m t~e same
general area. The Kelly Reserv?ir, on Rattlesnake Cree_k,a tributary
of the Beaverhead, with a capacity of 5,000 acre-feet, will serve 2,000
acres of new land, and supplement the supply on 1,oqo acres now
irrigated. On Blacktail Deer Creek, Landon Reservoir, of 15,000
acre-foot capacity will irrigate 3,100 acres of new land above the east
bench, and supple~ent the supply on 390 acres. of land now _irrigated.
Apex Reservoir, of 3,000 acre-foot capacity on Birch Creek, will supplement the supply on 2,000 acres of irrigated land on a bench west of
Dillon.
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In 1936 a -reservoir of 38,900 acre-foot capacity~was]built by the
Montana State Water Conservation Board, on the Ruby River. It
has been largely unused owing to the lack of sufficient canals to serve
the land for which it ·was intended. It is proposed toJconstruct new
canals to serve 5,700 acres of land irrigated from smaller tributaries
in the Ruby Valley, and 4,000 acres of new lands for which the reservoir
supply will be ample.
One thousand acres of land on lower Birch Creek will receive a
. supplemental water supply from part of the water stored in Apex
Reservoir, referred to above. Birch Creek is a tributary of the Big
Hole River.
On the Boulder River, 5,700 acres of developed land have experienced such severe shortages in supply that a 10,000 acre-foot reservoir,
called the Terry Reservoir, is needed. The water supply is insufficient to serve more than the area already developed.
It is proposed to construct a 49-mile canal from the Big Hole River,
above Twin Bridges, Mont., to serve 8,400 acres of land in the vicinity
of Whitehall, and to supplement the water supply for 1,900 acres now
irrigated from Pipestone and Little Pipestone Creeks. The existing
Delmoe Reservoir, now only partially used, will be an integral part of
this unit. A thousand acres of new land and 600 acres of irrigated
land on Whitetail and Little Whitetail Creeks will also be served in
this unit.
By far the largest and most important development for irrigation
above Great Falls has been named the Three Forks unit, as it includes large areas of land on the Jefferson, Madison, and Gallatin
Rivers, which join at Three Forks to form the Missouri River. For
more than 30 years residents within this area have been proposing
extensive irrigation projects, some by diversion from the Big Hole
River, some by diversions from the Jefferson, and some by d1.verting
the Madison River to the area. None of the plans has been carried
out, largely because of the cost, difficult construction, or interference
with power rights. After Canyon Ferry Reservoir has been built, it
will be possible to utilize the Montana Power Co. 's Hebgen Reservoir,
on the upper Madison River, with its capacity of 345,000 acre-feet,
chiefly for irrigation. In the past it has been used for power. A long
diversion canal from the Madison River will deliver the regulated
flow of that river to a bifurcation works in the vicinity of Norris,
Mont., where the main canal will divide into two branches, one branch
crossing the Madison River and entering the Gallatin Valley, where
124,000 acres of irrigated land have suffered frequent shortages of
water. Importation of Madison River water will preclude the necessity for constructing a large, expensive reservoir on Gallatin River,
as heretofore proposed, and will permit the expansion of the irrigated
area in the Gallatin Valley by some 40,000 acres of land. Reservoirs
of 20,000 acre-foot capacity, on the Taylor Fork of the Gallatin River,
and 15,000 acre-foot capacity, on Bridger Creek, will be required to
supplement the water supply, in addition to an 8,000 acre-foot reservoir on Middle Creek, which has been under construction by the
Montana State Water Board.
From the bifurcation works on the main canal, another large lateral
will cross the Jefferson River and serve 23,400 acres in the Crow Creek
Valley; and by an additional crossing over the Missouri River, 22,900
acres of land in the Townsend Valley, between Toston and Canyon
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Ferry, ca~ be irrigated.. Large areas of ·land under the proposed
canal, which now have madequate ~ater supplies, will be furnished
supplemental water. The total pro3ect area for which water will be
provided is summarized as follows: New land to receive a full supply150,700 acres and land to be f~rnished supplemental water-158 600
acres. Total area in the Three Forks unit-309,300 acres.
'
Below Three Forks, on the main stream, a small area of 2 100 acres
of land at Clarkston will be irrigated by pumpinofrom the right bank
0
of the river, with a lift of 50 feet.
In the Helena Valley, 10,800 acres of land have been developed up
to this time. Of this area, 5,800 acres are irrigated from small tributary streams with inadequate water supplies, and 5,000 acres have
been served by pumping from the backwaters of Hauser Lake Dam
on the main Missouri, part of the supply being pumped more than
100 feet. After the construction of the Canyon Ferry Dam, it is
proposed to construct a new pumping plant, lifting the water from
Canyon Ferry Reservoir into a canal, an -average of 50 feet, to serve
26,600 acres in the Helena Valley, including the 10,800 acres now
irrigated. Present pumping plants would thus be replaced.
On Rock Creek, a small tributary of Prickly Pear Creek, which
enters the Missouri River near Craig, Mont., a reservoir of 2,600
acre-foot capacity will serve 1,000 acres of new land and 200 acres now
inadequately served.
On the South Fork of Sun River, the Nilan unit will include 400
acres of new land, 1,800 acres of irrigated land on Hay Creek, and
5,000 acres of irrigated land in the vicinity of Augusta, on the South
Fork of Sun River. Storage in the amount of 10,000 acr~-feet will be
supplied by the Nilan Reservoir.
The Chestnut Valley unit is an extension of a present development,
which was initiated prior to 1900, but has never been fully developed
because of financial difficulties. Enlargement of its present ditch,
and a 10-rnile canal extension, will add 6,oo·o acres· to the 4,000 acres
already irrigated.
On the west side of the Missouri River, between Cascade and Ulm,
the Ulm Valley pumping unit "'ill irrigate 4,300 acres of land by
pumping from the Missouri River, against a lift of 45 feet.
In the vicinity of Great Falls, the Great Falls Pumping Unit will
include 14,400 acres of land lying east of the city, which will be
served by water pumped from the l\tfissouri River 4 miles south of the
city, through a lift of 100 feet.
Although there is much arable land which could be irrigated in
Upper Smith River Basin, only one new developm_ent is proposed,
namely, the Newland unit, because of inadequate water supplies to
serve larger areas. This unit will serve 3,900 acres of new la~d on
benches flanking Newland Creek, by the construction of a reseryoir
of 10,000 acre-foot capacity on that creek.
•
.
In the Sun River Basin the Bureau of Reclamation has for some
time been operating a proj~ct designed to serve a potal of 97,000 acres
of land, of which 83,000 acres were in cultivation m 1942. The water
supply on Sun River is suffi.cient to serve the plafiD:edacreage for the
project and 35,220 acres of additional land under pi:ivate development
in the remainder of the basin. By the construction _of t~e 160,0_Q0
acre-foot Wilson Reservoir on the North Fork of Sun River, Just above
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the backwater of the present Gib_son Reserv_oir, the enlargement of
Pishkun Canal, the construction of an outlet from Pishkun Reservoir
into Deep Creek, and the building of a diversion dam and long canal
from the Teton River, an additional area of 37,650 acres on the
Teton Slope, immediately north of the present Sun Rive~ project,
can b_eirrigated. Supplemental water can by the sam_e means, be
provided for 3,500 acres on Deep Creek and the Teton River.
The upper end of the Marias River Basin has already been extensively developed for irrigation, and distribution systems and
reservoirs have been constructed for an expansion of present systems
on the Blackfoot Indian Reservation. No new construction is proposed in the Upper Marias. ·Making due allowances for future depletions in stream flow, there will remain some 50Q,OOOacre-feet of water,
annually, in Marias River, below all present irrigation developments.
The Lower Marias unit will utilize this water by the construction of
the Tiber Reservoir, of 915,000 acre-foot capacity, all but 340)000
acre-feet of which will be dead storage. A diversion canal from the
reservoir will serve 120,000 acres on the bench lying north and east
of the Lower Marias River, extending as far east as Havre, Mont.
This project ~s the largest development proposed in the prairie area
below Great Falls.
The Judith River Basin lies almost in the center of Montana, surrounded by a series of low mountain ranges which border the prairie
area east of the Rockies. It is an intermontane vallev in which numerous tributaries afford opportunities for small irrigatfori developments.
Four reservoirs on th~~e trj.butaries, having a ·total capacity of 23,350
acre-feet, are proposed. They wiJl regulate the stream flow, and make
it possible to extend the present irrigated area by 8,200 acres, and to
furnish a supplemental supply to 6,762 acres.
The Musselshell River drains an area of 9,000 square miles in
central Montana, but having no high surrounding mountains, rainfall in the basin is comparatively small and quite erratic. Three
reservoirs, with a total capacity of 82,000 acre-feet, have already been
constructed in the basin, 35,000 of which lie along the North and
South Forks of the main stream, the remainder being on smaller
tributaries.
In no case has the water supply been adequate, and there
appear to be no possibilities of additional storage sufficient to permit
any increase in the irrigated area. The problem is one of readjusting
the use of storage waters now available to the irrigated lands in the
vicinity of the reservoirs. This requires new negotiations with the
State Water Board on water contracts now in existence, and the construction of diversion and distribution facilities. The plan of development for the Musselshell River Basin, therefore, includes only the
construction of these distribution facilities, to furnish supplementary
water for 15,500 acres in the upper Musselshell Basin, and 11,600acres in the central part of the basin, to be served by Deadman's
Basin Reservoir.
All of the available water supply in the Teton Basin is now stored
and used for irrigation purposes, and there appear to be no possibilities
for any expansion of the irrigated area in that basin, except by importation of water from the Sun River.
The Bureau of Reclamation has been operating the Milk River
project in the Milk River Basin for many years. The only oppor98676-44-6
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tunities for expansion in the basin lie in additional drainage works for
some areas now waterlogged, and in pumping from existing canals to
adjacent areas. The 9,400-acre Saco Divide unit is one of these areas.
It lies immediately north of the town of Saco, Mont.,- and fs to be
served with water carried through the Nelson North Canal of the
Milk River project. The Dodson Unit is a small area of 1,500 acres
in the vicinity of Dodson, Mont., which will be irrigated by pumping
from the Dodson North Canal of the Milk River project.
The Fort Belknap irrigation district, near Chinook, Mont., includes
an area of some 7,500 acres which have become waterlogged in recent
years. Drainage of these lands is provided for as a part of the plan of
development.
A large expansion of the irrigated area in the Lower Milk River
Basin, in the vicinity of Fort Peck, is planned as a part of the Missouri-Souris project, which is described more in detail in the section
covering proposed projects along the main Missouri between Fort
Peck to Sioux City.
Upper Missouri River Basin-Summary

of irrigation and drainage units

Unit

New land

Acres
1,000
Red Rock
__----------------------------------__------------------ _Horse
Prairie
______________
------------ ____________________________
1,300
30,100
Dillon Valley __------------------------------------------------____
4,000
Ruby ___--------- ------------------------------------------ ------- 0
Big Hole ______
----------------------------------------------------9,400
Jefferson____. -- -_-_---_---___-- -__. ---- -- ----- --- ---• -- -- -- ------- . 0
Boulder __________
-_---- -• -- -- ----- -- ----- -- -- ---------------- -- -- --150,700
Three Forks ___________
------------·-------------------------------Broadwater-Missouri. _______________
-__---- _-_------- _-- -- -------- 7,100
Clarkston Pumping ________________________________________
-- ______
_
2,100
15,800
Helena Valley Pumping ___________
----------------------- --------Rock Creek ______________________________________
-------- -- --. -- --- 1,000
Nilan ____________________________
---_-_------. ----. ----------------400
Chestnut Valley extension ___________________
---------- ------ ------ 6,000

&~t"
;~ii!
c:::c:r
~ =========------------------------------------===========
=============
============
Newland.
_____________________

4,300
14,400
3,900
Sun River project extension ______________________
-___--------- ---- -32,700
1, 200
Stanford __-__-_______
-_---_-----_----------------------------------Hobson ____________________________________________________________
_
0
Ross Fork ___________________________
. _____________
--------- _______
_
3,000
• 0
Hanover _________________
. _______
-----_-----_----------------------Lewistown _________________________________________________________
_
4,000
120,000
Lower
Marias.
______
--------------------------------------Saco Divide. ______________________________________________________
_- ,9,400
Dodson pumping __________________________________________________
_
1,500
Fort Belknap drainage _________________
------------------- ----- --- -0
Fort Shaw drainage ______________________
-- ______
---- ---- ------- -- -0
0
Greenfields Lake drainage ______--------------- --- -- ------- -- -- --- -37,600
Teton Slope._--------------------- ---- ---- --- ---------------------

Total __________
.... ------------- ------------------------- ----t

t

Irrigable land to be drained under existing projects.
Includes drainage projects.

460,900

Supplemental
water

Total area
benefited

Acres

Acres

5,600
10,700
17,900
5,700
1,000
2,500
5,700
137,100
0
0
5,300
200
6,800
0
0
0
0
0
0
6,000
0
700
0
0
0
0
0
0
0
3,500
208,700

6,600
12,000
48,000
9,700
1,000
11,900
5,700
287,800
7,100
2,100
21,100
1,200
7,200
6,000
4,300
14,400
3,900
32,700
1,200
6,000
3,000
700
4,000
120,000
9,400
1,500
1 7,500
1 600
1 1,200
41,100
2

678,900
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Upper Missouri River Basin-Proposed reservoirs (Subbasin: Missouri River above
the mouth of the Milk River)
Stream

Reservoir
Brenner-··-·-······-Clark Canyon---·····
Landon_·····-·--··-·

Unit served

Bridger_ ..... _-···-··
Canyon Ferry ........

Horse Prairie Creek. Horse Prairie __··---·
Beaverhead River ... Dillon Valley-······
Blacktail Creek_ .... Blacktail Divison of
Dillon Valley.
Rattlesnake Creek .. Rattlesnake Division of Dillon
Valley.
Birch Creek_. _____._ Big Hole---·-·······
Boulder River .. ·--· Boulder ..• _---·--·-Whitetail Creek..... Whitetail Division
of Jefferson unit.
Taylor Fork of Gal• Three Forks._-·--··
latin.
Bridger Creek--···-- _____
do_..........
_-··
Missouri River......
Helena Valley ...... -

Wells ...... _.........
Nilan __... -··- .......
Newland_ ............
Tiber.·-···-·-·······

Rock Creek .. ·-----Ofistream __--·- -··-·
Newland Creek .....
Marias River .. ·--··

Rock Creek·-······Nilan_-·_-···- __··-_
Newland project_._.
Lower Marias ...... .

Wilson...............

North Fork, Sun
River.
Skull Creek.........
1udith River.·-··-··
Ross Fork Creek ....
Cottonwood Creek..

Teton Slope_.__.... .

Kelly ......

·-···-··-·

.A.pex·-····-··--···--Terry .. -·--·-··-·---Whitetail· - ··-------Taylor---··---·····-·

Stanford.............
Hobson ..... ·-·······
Ross Fork ............
Snowy --·-·-·········

Total
capacity
(acre·feet)

15,000 Irrigation, flood control.
Do.
150,000
Do.
15,000
5,000

Do.

3,000
10,000
6,000

Do.
Do.
Do.

20,000

Do.

15,000
Do.
2,000,000 Irrigation,
control.
2,600 Irrigation,
10,000 Irrigation.
10,000 Irrigation,
915,000 Irrigation,
control.
160,000 Irrigation,

Stanford._ ... -·· __-·
Hobson ___··-·---·-Ross Fork __···---·-Hanover ..........••

Total for 19
reservoirs.

6,700

3,000

flood control.
flood and silt
1lood control.

power plants
Installed
Annual prokilowatt• . duction, kilohour
watt-hour,
firm

Lyons ____.................
__. -. -. ---..............
--.... ---................
Canyon Ferry ...........
_-·. __._. •............
_. _... _... __.................
Portage ... -..........
_....... ____._ ... _.. _._... _. ___• .........
_............
Under present conditions.
Inital output.

flood control.

Do.
Do.
Do.
Do.

3,000
10,650

Name

1

power, flood

3,359,950

Upper Missouri River Basin-Proposed

2

Purpose

.
.
.

23,500

35,000
20,000

I
2

121, 000, ()()()
149,800,000
146,900,000

Ultimately output will be used for irrigation pumping.

Minor Western Tributaries
(Little Missouri to White River, inclusive)
FOREWORD

The subbasin herein called "Minor Western Tributaries" comprises
the basins of the following tributaries which discharge into the Missouri
River from the west, namely, Little Missouri, Knife, Heart, Cannonball, Grand, Moreau, Cheyenne, Bad, and White Rivers. All of
these rivers rise at comparatively low altitudes in the Great Plains
area, and, in contrast to the streams in the Yellowstone and Upper
Missouri Basins, their run-off is seldom dependent upon snowfall.
Rainfall over the entire area is less than 16 inches, but 70 percent of
it occurs during the growing season. Run-off from the streams is
sporadic, and subject to extreme fluctuation, following heavy local
rains. Many of the streams are dry much of the time.
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The chief economic resources of this portion of the Missouri River
Basin have been dry-farm agriculture and the livestock industry.
Irrigation has been of minor importance. The area is in the heart of
the ~orth portion of the Dust-Bowl region, is sparsely settled, and has
been developed to the least extent of any major portion of the Missouri River Basin. A declining population is a result of frequent
periods of subnormal rainfall. An additional area of 213,000 acres
of land. can be brought under irrigation through proper storage and
regulation of the subbasins' meager water resources. This irrigation
development appears to be the major possibility in stabilizing agriculture in the basin. It will furnish a reliable feed base for the
maintenance of grazing herds, adapted in size and quality to the
enormous range areas surrounding the necklaces of irrigated farms
along the main streams.
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DESCRIPTION

Physical characteristics.-All of the tributaries, with one exception,
have the same general physical characteristics.
They rise at elevations seldom exceeding 3,000 feet. Each stream gradually increases
in size as it flows eastward through meandering, narrow valleys,
flanked on each side by high rolling prairies. The Little Missouri
River flows through an extensive area of Badland country, and therefore carries much silt. Likewise, the White River, in t!ie _extreme
southern portion of the basin, penetrates a B9:idland area m its_lower
reaches, and there accumulates considerable silt. . Over all, this portion of the Missouri Basin is approximately 300 miles long, north and
south, and 250 miles wide, east and west. The total average annual
run-off of the seven tributaries is approximately 1,400,000 acre-feet.

MISSOURI .RIVER BAS~N:

The basin has no extensive lakes or large streams. To one traveling
through it in any direction, the basin presents a monotonous vista of
rolling plains occasionally broken by stream valleys and by the rough
breaks on their fringes and along the Missouri River. The outstanding topographic feature of the basin is the group of mountains called
the Black Hills, a circular mountainous area in the west center of the
basin where the highest elevation reaches 7,240 .. Several small
mountain streams, extensive forest-clad areas, and numerous under-ground caverns are in striking contrast to the uniformity of the
prairies. One of the richest good ore mining centers in the United
States is in the heart of the hills.
Land use.-Major land use types are:
Acres

Acres

Irrigated land____________
80,000 Unreserved
public
doTillable dry land_________
7,103,000
mains_________________
711,000
Grazing land _____________ 26, 947, 000 Miscellaneous____________
2, 968, 000
National forests__________
1,595,000
Indian reservations_______
4, 905, 000
Total area _________ 44, 571, 000
Other Federal reservations_
262, 000

Irrigated lands are limited in extent, producing a considerable
variety of crops, including alfalfa, sugar beets, small grains and mixed
hay. Except sugar beets, all irrigated farm products are consumed
within the basin, chiefly as livestock feed. Late season irrigated
pasture, beet tops, and beet pulp are eagerly sought by sheepmen,
as winter feed.
Unirrigated farm land produces chiefly spring and winter wheat,
barley, oats, and flax. Strip farming and summer fallow are practiced to combat wind erosion and drought, but crop yields are low and
very erratic, perhaps the lowest and most erratic in any portion of the
Missouri Basin.
The enormous area. of grazing land represents 59.4 percent of the
total area in the basin. During the drought of the past decade, it
showed distinct signs of having been greatly overgrazed, but in the
last 2 years, with more than normal rainfall, the return of native
grasses has far exceeded the expectations of the residents as well as
those of agricultural experts. This restoration of range grass is convincing evidence of the productivity of the soil and its ability to
ma.inta.in large amounts of stock if properly managed.
Another outstanding land use, characteristic of the subbasin, is the
large acreage in Indian rese.rvations, representing 11 percent of the
total area. These reservations are scattered throughout the basin to
such an extent that all future irrigation development will necessarily
include much Indian land.
Ground water resources.-As most of the area is underlain by shale,
no areas exist where ground water occurs in large enough bodies to
encourage irrigation development through pumping from underground sources. Generally, domestic wells of limited capacity and
low quality can be obtained, but if more than domestic requirements
is sought, it is necessary to drill very deep wells, sometimes as deep
as 4,000 feet. In the deep underlying sandstones, water is sometimes
found under pressure, but in limited quantities. Absence of accessible
ground water supplies has stimulated the construction of thousands of
stock-watering ponds over the area. These stock-water ponds are
frequently the only sources of water for livestock herds. Flowing
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weµs are quite num~rous ~ro~md the b9;seof the Black Hills, and again
adJacent to the M1ssoun River; but m the intermediate areas very
deep drilling is necessary to obtain artesian pressure. Most of the
small towns depend upon pumped wells for their supply. A few
wells have been pumped for garden irrigation in small areas, but no
developments larger than a few hundred acres are thus served.
Surface water resources.-The following table gives the average
annual run-off of each of the seven tributaries.
Acre-feet

Litt.le Missouri_____ __ _____ __
Knife______________________
Heart ______________________
Cannonball _______________ ~_
Grand _____________________

298, 300
67, 400
79,400
96,100
112,300

Acre-feet

Moreau _____·_______________ 85,200
Cheyenne __________________ 377,500
Bad _______________________ 60,800
White ______________________ 257,400

Long-time records on most of the streams are not available, and
much of the informatjon given above has been estimated by correlation with other streams. The erratic nature of run-off is illustrated
by the behavior of Bad River, which in 1 month in 1942 discharged
more water than it had previously discharged in a whole year. Likewise, the Little Missouri has had an annual discharge at Alzada as low
a_s4,0_00_acre-fee~and as high :3is
_1,oqo,o_o_o
acre-feet. Storage regulation 1s 1mperat1ve for any 1rngat10n development, and reservoir
capacities required are from 3 to 5 times the normal capacities required
for streams in mountain areas.
Quality of water.-Most low-water flows of all the streams carry high
quantities of dissolved minerals, chiefly carbonates, sulfates, bicarbonate of soda, calcium, and magnesium,· Occasionally these low
·flows have over 60_percent of their total salts in sodium ions, which is
beyond a safe limit for irrigation. High-water discharges show much
less concentration, and after a series of analyses ·of both high and lowwater discharges, it has been concluded that over-all concentration
of salts does not preclude the use of the water for irrigation when diluted with water from storage. A sampling program for a chemical
analysis of each of the tributaries has been carried on for the past 2
years, and is continuing. All of the streams are heavy silt carriers
during high discharges. The silt is very fine, with large amounts of
colloidal material. Storage reservoirs will play a major part in
decreasing the silt carried by the streams.
Olimate.-The basin has the rigorous climate characteristic of the
Northern Great Plains. The growing season is relatively short, with a
large proportion of sunny days and cool nights. Summer rainstorms
are frequent. Quite often storms of cloudburst proportions occur,
and there is some damage by hail. Winds are severe, with low temperatures but with little snowfall. High velocities of winqs are common in fall and sprin~. Weather records at representative stat~ons in
the basin are summarized in the following table:

Typical weather records
Basin _________________________________________________
Little Missouri
Station ______. _________________________
- - - - - -- -- -- - - - Camp
Crook,
S.Dak.
Years recording:
Temperature _____________________________________
Precipitation _____________________________________
Mean annual temperature ___________________________
Minimum temperature (degrees) _____________________
Maximum temperature (degrees) _____________________
Average annua precipitation (inches)_ _______________
Average annual precipitation, 1931-40 (inches) ________
May-September 1931-40(inches) __--~---------------Average snow, 1931-40 (inches) _____________
:._________
Average snowbperiod of record (inches) _______________
Averagedays etween killing frosts, 1931-40_6_________

45
52
43.8
-57
114
13.97
12.13
7.89
2 32. 9
34.3
7139

Knife

Heart

Dun
Center,
N.Dak.

New
Salem,
N.Dak.

38
42
41. 1
-52
111
15.92
13.72
10.11
22.2
a 22. 2
128

~

39
39
41.5
-45
119
14.96
13.00
8.93
28.3
a 28. 3
128

Cannonball

Grand

Moreau

Cheyenne

Cheyenne

Bad

White

Mott,
N.Dak.

Lemmon,
S. Dak.

Dupree,
S.Dak.

Oelrichs,
S,1Dak.

Dowling,
S.IDak.

Pierre,
S.Dak.

Mundo,
S.Dak.

36
36
41. 9
-47
108
16. 21
13.50
9. 41
27.4
28.4
129

1 Data on number of years of record, temperature, not given prior to 1931in South Dakota summary.
s Data available for 4 years only through period 1931-40.
• Data for annual snowfall available for 9 years only through periodil931-40.
'Data for annual snowfall available for 6 years only through periodl1931-40.
1 Data for average annual snowfall not given in summary prior toJ1931.
• Data for days between killing frost available forI9 yearslonly through period 1931-40.
7 Figures for days between killing frostpotrgivenifor yearsl1935-37.
1 Data for days between killing frost available for 6 years only through period 1931-40.
1 Data for days between ki~
frost not available for 1940.

31
35
42.8
-42
115
14.49
13.08
8.39
28.0
30.7
144

112
21
46.8
-25
108
15.15
12.34
7.17
a 38.1
3 38.1
140

46
54
46. 9
-42
112
18.65
13.96
8.55
3 26.6
41. 6
154

28
29

47.3
-36
115
16.65
9.77
6. 71
'17.1
28.4
I 150

42
42
47.5
-40
115
15.85
12.52
7.54
27.9
30.3
• 166

34
37
48.3
-35
116
17.80
14.85
7.99
t 34. 5
38.2
t 149

ts:
1-1

O'J
Ul

~

;

r....

~

~
~
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Soils.-Soils of the basin are of two types: those blanketing the
benches and the prairies flanking the river basins, and the alluvial
soils throughout the bottomlands in the tributary basins. Practically
all of the dry-farmed lands are on the prairie and bench soils. Very
little of this type of soil is within the irrigable areas to be developed
Practically all of the soils of the flood plains are water-deposited.
While entrenching themselves in comparatively wide valleys, the
streams meandered from bluff to bluff, and in so doing frequently
flooded the bottom lands and laid down successive layers of silt.
The surface soils are therefore of recent origin, and somewhat undeveloped. Along the sides of the flood plains, outwash from the hills
has covered the older deposits to varying depths. In the aggregate,
the resulting lands are chaotic, with all soil types, ranging from shale
through gumbo clay. Those classed as irrigable are largely sandy
loams and friable silty clay. Few of the soils contain harmful accumulations of salts. In the Upper Little Missouri Basin, the irrigable
areas. are covered with light growths of sagebrush, characteristic of
the vegetative cover on soils of volcanic origin, but that basin is the
only one in which such growths occur. In the White River Basin,
soluble selenium has been .frequently reported in soils adjacent to the
badland areas, but no trace of selenium was found in the soil samples
taken from areas chosen for irrigation.
Markets and transportation.-East and west transportation throughout the sub basin is quite adequate. The Northern Pacific and Milwaukee transcontinental railways cross the northern part, and in the
southern part, branches of the Chicago and Northwestern and the
Milwaukee railways enter the basin on the east, and terminate in the
Black Hills. Branch lines of each of the railroads penetrate the more
highly productive grain-growing areas and the irrigated areas fringing
the Black Hills. There are no railways crossing .the basin in a north
and south direction. Highways for east and west travel are well provided, there being at least two oiled highways across the basin in each
of the States of North and South Dakota; but north and south, the
only available roads are gravelled but not oiled. North and south
gravelled roads are spaced at intervals of about 36 miles across the
basin. County and unimproved roads traverse the area, but in wet
weather they are almost impassable. Primary markets for grain,
livestock, and dairy products are in St. Paul, Minneapolis, Sioux City,
and Omaha, all of which lie several hundred miles to east or southeast
of the basin.
Population and industries.-The
1940 census gives a total population for the basin of 262,700 people, which is but 0.2 of 1 percent of the
population of the United States. The rural farm population was
126,476. Rapid City, population 16,000, is the largest city in the
basin, and the only city which has shown a constant growth of consequence during the past 30 years. The growth of Rapid City is
largely accounted for by the increase in popularity of the recreational
eatures in the Black Hills, and the slightly warmer climate which
prevails in that vicinity. It is close to the onJy large irrigated area
in the basin and thus has had a more stable agricultural economy surrounding it: The total wholesale trade in the basin in 1940 amoun_ted
to $27,000,000, and retail trade was $64,000,000.. . .
Minerals.-The basin has enormous resources m hgmte coal, a very
low grade yielding about 7,000 B. t. u. per pound. It is quite often
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mined by open-pit methods, and is chiefly used in the small electric
plants throughout the area. In the extreme western portion of the
basin, a much higher grade of sub-bituminous coal is found in the
vicinity of Gillette, Wyo., almost on the divide between the Belle
Fourche River and the Powder River drainage. Much of the coal
mined near Gillette and in the western portions of the Black Hills is
used in the mining centers of Lead and Deadwood, and in Belle
Fourche and Rapid City. Total coal production in the area in 1939
was 818,900 tons. Near Lead, S. Dak., in the heart of the Black
Hills, is the largest gold-producing area in the United States. The
Homestake Mining Co. near Lead produced gold of a total value of
$21,649,000 in 1940, and silver of the value of $113,754. This mine
has been steadily producing at such a rate for many years. Through- out the Black Hills and in the area immediately surrounding them
are large deposits of bentonite, and commercial processing of the
bentonite is being done at Belle Fourche, S. Dak., and near Upton,
Wyo. Fluorspar is found in the Black Hills, but is not being produced
in large quantities.
Recreation.-Throughout the greater portion of the basin, recreation
facilities are small. The Black Hills, however, for many years past,
has enjoyed a large volume of tourist business. The hills are the
magnet drawing a steady influx of tourists during the summer sea.son
from adjoining states of Minnesota, Wisconsin, Iowa, and parts of
Nebraska. The Forest Service has been actively developing camp
sites in recreational areas in the higher mountainous and timbered
portions of the Black Hills, and has constructed several recreational
lakes to a.d.d to the attractions. Outstanding as a tourist attraction
is the Rushmore 1'1emorial in the Harney Mountains. Here, carvings
on the face of the granite mountain picture the heads of Lincoln,
Jefferson, Washington, and Theodore Roosevelt, each of the heads
measuring more than 150 feet in height. The carvings were initiated
by the famous sculptor !Gutzon Borglum, but are being completed
by artisans employed by the National Park Service. Another outstanding feature in the basin is the Devil's Tower, a volcanic column
of rock 600 feet in diameter at the base, extending vertically 600 feet
above the base, to a total height of 1,200 feet above the neighboring
Belle Fourche River.
Fish and wildlije.-Certain of the upper tributaries of the Cheyenne
which drain the Black Hills of South Dakota provide excellent environmental conditions for trout. The other western tributaries of the
Missouri within this subdivision of the basin are shallow, frequently
intermittent streams in their upper courses, and usually muddy
throughout their entire length. They provide so unfavorable an
environment for fish that fishing is practically an unknown recreational activity within the entire area, except on the part of those who
can afford to travel to the Black Hills for trout fishing, or to the
turbulent Missouri for coarse fish.
The construction of reservoirs within the area will provide impounded waters which can be managed so as to provide favorable
conditions for fish. Investigations in the use of artificial lakes and
ponds have pointed the way for the development of this wildlife
resource, which under natural conditions is poorly provided through~
out this subdivision of the Basin.
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IRRIGATION

DEVELOPMENT

The first attempts at irrigation in this area were made alonO' the
Black Hills tributaries shortly after the area was opened for s~ttle11?-ent. By . 19061 29~000 _acres were reported_ under irrigation by
srmple gravity d1vers1ons m the Cheyenne Basm. About that time
the Belle Fourche Project of the Bureau of Reclamation was con~
structed, and an additional 36,000 acres were brought under irrigation.
The only other significant development in the entire basin is the
Whitney irrigation district, on the headwaters of White River, which
for several years past has been irrigating a :fluctuating area of 5,000
to 9,000 acres. Until 1930, the Belle Fourche project enjoyed an
ample water supply; but in the following decade, run-off of the Belle
Fourche River decreased to an average of 40 percent of its former
volume, and serious shortages have been experienced for several
years. Minor irrigated districts are on Spearfish Creek, Redwater
Creek, Rapid Creek, and other smaller tributaries emerging from the
Black Hills, but the aggregate acreage is quite small. ·The Belle
Fourche project was originally built to serve about 80,000 acres, but
shortages in water supply have never permitted the irrigation of
full acreage. The basin as a whole has suffered such serious catastrophies by drought that maximum utilization of its meager resources
for irrigation is essential to the stabilization of the present population.
PLAN OF FUTURE DEVELOPMENT

Between the mouth of the Yellowstone River and the. northern
boundary of Nebraska, the following tributaries produce all of the
available water which can be utilized for any purpose within that
area: Little Missouri, Knife, Heart, Cannonball, Grand, Moreau,
Cheyenne, Bad, and White. The area encompasses the major part of
the Northern Great Plains, which during the last decade have experienced such catastrophic droughts as to focus national attention on
the problem of alleviating them. Little irrigation has been accomplished, because of the erratic nature of the run-off in all of the
streams and the large investment necessary to regulate the flows of
the streams so as to make their waters available for irrigation. At the
same time, each of the streams is subject to damaging floods, frequently as much water running off in a period of 2 weeks as had sometimes :flowed in the streams in an entire year. All of the valleys are
narrow, the streams are meandering, and opportunities for irrigation
development are confined to chains of small tracts along the river
bottoms, over lengths of 150 to 200 miles of stream courses. Diversion
dams for individual small tracts are generally impractical, and lowlift pumping plants must be resorted to for diversion from the streams.
Dry farm agriculture on the higher prairies between the streams is
exceptionally precarious, and in many cases large areas are still used
only for grazing. The only practicable method of stabilizing agriculture in the area appears to be by the developmen_t of these chains of
irrigated lands along the streambeds, to provide winter feed for stock
to be grazed on the outlying benches.
On the Little Missouri River, which rises in Wyoming and flows
through Montana, South Dakota, and North Dakota, the only unit
proposed for development at this time is in Montana, near the town of
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Alzada, where a project of 9,000 acres can be supplied by the construction of 70,000 acre-foot reservoir in Wyoming. The run-off at •
this point varies from a minimum of 4,000 acre-feet annually tD as
much as 1,000,000 acre-feet. To provide an adequate water supply
from a stream of such character, for even a comparatively small area
of 9,000 acres, requires a hold-over reservoir capacity equal to 12
acre-feet for each acre of land to be irrigated. Below Alzada, and as
far as the mouth of the Little Missouri River, there are a few opportunities for the development of small isolated tracts, but these can be
developed only after provision is made for additional storage on the
main stream between the towns of Marmath, Mont., and Camp Cook,
S. Dak. Investigatiol}-s to date have failed to disclose a desirable
reservoir site, but the search is continuing, and if it is successful, a
revision of the plans for the Little Missouri Basin will be in order.
On the Knife River in North Dakota, a reservoir of 50,000 acrefoot capacity, a few miles above the town of Beulah, will provide an
adequate water supply for 15,400 acres of land which can be served
by gravity diversions from the river in the vicinity of Beulah, and
above the mouth of the river, near Stanton, S. Dak.
The Heart River is one of the largest western tributaries of the
Missouri in North Dakota. It rises in the low prairie country between
the Little Missouri and the main Missouri, and flows almost due east
to its mouth, a distance of approximately 150 miles. The City of
Mandan, having a population of 7,000 people, is the largest city in
the basin. It is at the confluence of the Missouri and Heart Rivers.
Dickinson, population 5,800, is near the headwaters of the stream, on
the main line of the Northern Pacific Railway. As do all of the western
tributaries, the Heart River meanders through a narrow valley, flanked
by high, rolling prairies on each side. An average annual run-off of
approximately 79,400 acre-feet is no more than sufficient to irrigate
all of the lands within the river bottom, below the only feasible reservoir site, at Heart Butte. A total area of 14,320 acres is proposed
for development, through the construction of the Heart Butte Reservoir of a capacity of 110,000 acre-feet. One diversion dam and a
gravity canal system will serve 7,300 acres of land, and the remainder
will be developed by individual pumping units, power for which will
be derived from the seasonal releases of water at the Heart Butte
Reservoir. A municipal water supply for the city of Dickinson and
the development of 730 acres of land in the immediate vicinity of
that city are provided for by the construction of a reservoir of 7,000
acre-foot capa<>ity, about 3 miles above Dickinson. The small area
of land for which this reservoir can furnish water will also have to be
served by pumping plants.
In the southwest part of North Dakota, 17,750 acres of land in the
Cannonball River Basin will be irrigated by the construction of the
Thunderhawk Reservoir on Cedar River, one of the principal tributaries of the Cannonball. This reservoir will have a capacity of 30,000
acre-feet, and will furnish a regulated supply for 8,000 acres of individual tracts along this southern tributary of the Cannonball. Pumping plants will be required for 49 small individual areas in the basin.
On the main Cannonball, a reservoir of 40,000 acre-foot capacity will
serve 9,700 acres of land scattered throughout the main river basin,
from the reservoir to the mouth of the river.
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Although 66,600 acres of land in the Grand River Basin in South
• Dakota was found to be adapted to irrigation, full regulation of the
w!lter supply wp.1permit the ~evelopment o~ only 28,500 acres, which
will be accomplished by creatmg ~he Shadehill Reservoir of a capacity
o~ 134_,000acre-feet~ and by servmg 1_3,000acres by a gravity canal
d1vertmg from the river at the reservoir. Return flow from land irrigated with w3:ter from th~s reservoir will be picked up in the Blue
Horse Rese~voir some ?8 miles downstream, where a capacity of 50,000
acre-feet will be provided to serve 16,500 acres of land in 46 small
pumping units, ranging from 85 to 1,285 acres each. Much of the
land below the Blue Horse Reservoir is within the Standing Rock
Indian Reservation, and is owned by Indians, while practically all of
the land above the Blue Horse Reservoir is in private white ownership.
Construction of the Oahe Reservoir on the Missouri River will
inundate the lower Moreau River Basin in South Dakota for a distance
of 12 miles. The most practical plan of developing the irrigable areas
in the basin was found to be the construction of Bixby Reservoir of a
capacity of 90,000 acre-feet, which will furnish an adequate water
supply for 27,150 acres of land scattered in small tracts throughout the
basin, from the Bixby Reservoir to the backwaters of Oahe Reservoir.
Power for pumping on these small projects will be obtained from the
proposed plant at Oahe.
The Cheyenne River is the largest tributary of the Missouri in South
Dakota. The Bureau of Reclamation has already developed the
Belle Fourche project on the Belle Fourche River, the northern tributary of the main Cheyenne, and private developments have added
another 12,000 to 15,000 acres along tributaries of the Belle Fourche
River, adjacent to the Black Hills. The Rapid Valley project is now
under construction by the Bureau of Reclamation, and after the 16,000
acre-foot Deerfield Reservoir and one additional reservoir yet to be
selected have been constructed, a supplemental water supply for 12,000
acres in the Rapid Creek Valley will be furnished. The Belle Fourche
project was originally planned for approximately 80,000 acres, but
.run-off during the past 12 years has proved to be an inadequate supply
for so large an acreage. By the construction of the Keyhole Reservoir
of 276,000 acre-foot capacity, the water supply for the Belle Fourche
project will be so stabilized as to permit its final acreage to be maintained at approximately 45,000 acres. ·One other reclamation project
has been authorized, namely, the Angostura project in the southwest
part of the Cheyenne River watershed, where, by the construction of
Angostura Reservoir with a capacity of 160,000 acre-feet, water can be
supplied by gravity to a 16,000-acre project in the vicinity of Hot
Springs, S. Dak., and to 25,300 acres in 49 scattered pumping units
along the lower reaches of the river, and 5,030 acres along the lower
Belle Fourche River. A reservoir of 45,000 acre-foot capacity on
Beaver Creek, in Wyoming, will furnish a water supply for 8,000 acres
in the Edgemont project along the Cheyenne River, all of which lies
in South Dakota above the Angostura project.
Bad River is one of the minor western tributaries with an exceedingly erratic run-off. It has characteristics very si~ilar. to t4?se of
other western tributaries. Only 4,300 acres of land m this basm can
be developed. It will require the construction of a 15,000 acre-foot
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reservoir on the North Fork of Bad River, in the vicinity of the town
of Philip.
White Rivel' rises in low ,hills of western Nebraska, and flows northeastward into South Dakota, to a confluence with the Missouri River
about 15 miles downstream from Chamberlain, S. Dak. All of the
water resources of the White River arising in Nebraska have already
been utilized by the Whitney irrigation district, an area of some
10,000 acres, served by an inland reservoir of 15,000 acre-foot capacity.
A supply canal for this reservoir diverts a spring flow in the White
River, which is remarkably uniform throughout the year. In South
Dakota, the remaining watershed produces an exceedingly erratic
run-off, with high discharges from summer rainstorms, which fall on
the prairie area and on a large area of shale badlands that produce
quick and heavily silt-laden run-off. A reservoir of 70,000 acre-foot
capacity at the Rocky Ford site, about 25 miles upstream from the
town of Interior, will furnish an adequate water supply for 42,000
acres of small units, scattered from the reservoir site to the mouth of
the river, all of which must be served by pumps. Power to operate
the pumps will be imported into the basin. The available water
supply will serve less than half of the total area of land in the basin
which is adapted to irrigation.
Summary.-The projects outlined above will conserve and use practically all of the water resources which can be made available in the
basin. The increment of run-off accumulating from return flow and
from raµifall below the proposed irrigation projects will pass on into
the Missouri unused, but the proportion of total run-off thus wasted
is small. The following tables summarize the plan of development:
Missouri River Basin-Minor

western tributaries: Summary of irrigation units
Supplemental

Total
area

Acres
Acres
Little MissourL _______________________________________
~ _________________
_
9,000
0
Knife River ______________________________________________________________
_ 15,400
0
Heart River _____________________________________________________________
_ 14,320
0
CannonbalL _____________________________________________________________
_ 17,750
0
Grand River _____________________________________________________________
_ 28,500
0
Moreau River ___________________________________________________________
_ 27,150
0
46,560
0
0
8,000
11,300
0
4,300
0
White River _____________________________________________________________
_ 42,000
0

Acres

Unit

New
land

ii1;~;~~;;;;:::::::::::::::::::::::::::::::::::::-:::::-::-:::::::

Total ______________________________________________________________
_ 212,980
11,300

9,000
15,400
14,320
17,750
28,500
27,150
46,560
8,000
11,300
4,300
42,000

224,280
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Missouri River Basin-minor
Reservoir

Stream

western tributaries: Proposed reservoirs
Unit served

Total capacity
(acre-feet)

Alzada _______________
Alzada ______________ 70,000
Little Missouri
River.
B roncho _____________Knife River _________Knife River _________ 50,000
Heart Butte __________Heart River _________Heart River _________ 110,000
__.. _do_______________
_.. __do_______________ 7,000
Dickinson ____________
Cannonball __________Cannonball _________Cannonball _________

40,000

Thunder Hawk ______ Cedar River _____________do _______________
ShadebilL ___________Grand River ________Grand River ________
_____do _______________
_____do _______________
Blue Horse ___________
Bixby ________________
Moreau River _______Moreau River _______
·
_____do _______________
_____do _______________
Green Grass __________
Edgemont ___________Beaver Creek _______ Edgemont __________
Angostura ____________
Cheyenne River ____ Cheyenne ___________

30,000
134,000
50,000
90,000
90,000
45,000
160,000

Keyhole ______________
Belle Fourche River. Belle Fourche _______
North Fork __________North Fork Bad Bad River __________
River.
Rocky!ord. __________White River ________White River ________

276,000

TotaIT for 15
reservoirs ____

---------------------- ----------------------

Missouri River Basin-minor

15,000
70,000

Purpose

'

Irrigation, flood, and silt
control.
Do.
Irrigation, power, flood,
and silt control.
Irrigation, municipal
supply.
Irrigation, flood, and silt
control.
Do.
Do.
Do.
Do.
Do.
'
Do.
Irrigation,
f.um3ing
power, floo , an silt
control.
Irrigation, flood, and silt
control.
Do.
Do.

1,237,000

westem tributaries: Summary of proposed developments, by States
IRRIGATION
Acres supNew lands plemental Total area
irrigated water fur- benefited
nished

Wyoming __________________________________________________________
_
1,500
Montana __________________________________________________________
_
7,500
North Dakota _____________________________________________________
_
47,470
South Dakota _____________________________________________________
_
156,510

11,300

1,500
7,500
47,470
167,810

Total. _____________________________________
·-________________
_
212,980

11,300

224,280

RESERVOIRS
Number
Wyoming __________________________________________________
--- __------- -- -- --- ---3
North Dakota __________________________________________________________________
--5
South Dakota _____________________________________________________
----- ---- ------ 7

Capacity
use (acrefeet)
391,000
237,000
609,000

TotaL ______________________________________________________________________
_
1,237,000
15

Niobrara, Platte, and Kansas River Basins
FOREWORD

This subdivision of the Missouri River drainage includes three
tributaries: The Niobrara, Platte, and Kansas Rivers.
The Bureau of Reclamation is now constructing the 12,500-acre
Mirage Flats project on the Niobrara, in the vicinity ?f Dunlap 1 Nebr.
This project is the only irrigation developme!lt 1!1the N10brara
Basin, and no others are now proposed. A basrn-w1de study of the
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entire watershed has not been completed. Such studies as have been
made by other Government agencies do not disclose projects of
sufficient merit for inclusion in the basin plan of development. Two
small hydroelectric plants are in operation. No other use is being
made of Niobrara water. As further investigations proceed, information may be brought to light to justify a modification of present plans>
but any such changes are not likely to be important.
The Platte River has the largest drainage area of any tributary of
the Missouri River. It has also the largest irrigated acreage and the
largest population, and in many other respects is the most highly
developed part of the Missouri Basin. With minor exceptions, the
North and South Platte Rivers, above their confluence, are today
making maximum use of the water resources of that portion of the
basin. No additional acreage can be brought under cultivation in the
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basins of these streams without the importation of additional water
supplies from the western slope of the Rocky Mountains.
Below the confluence of the North and South Platte Rivers, maximum use of the water resources of the Platte River Basin lacks a great
deal of having been attained. The area adjacent to the mouth of the
Platte River experiences annual rainfall as high as 28 inches, the
precipitation decreasing upstream. At the beginning of the main
Platte River, the annual precipitation is less than 18 inches. Irrigation development in Nebraska has lagged far behind development in
Wyoming and Colorado, primarily because of this relatively hio-h
precipitation. As in all other areas in the Great Plains, sustain~d
~rought periods each year and frequent subnormal annual precipitat10n has produced such low yields and such hazardous crop conditions
hat attention has again been focused on the need for irrigation.
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During th~ _period 1934-38, with the help of the P. W. A. program,
much _add1t10na~water-developme~t work was accomplished. More
attent10n 'Ya~ g1~en to hydroelect~1c development ~han to irrigation.
If further irrigat10n development 1s to be accomplished in this area
Nebraska is faced with the problem of adjusting water uses.
. For. several years an interstate water suit_ has be~n in progress,
mvolvmg the three States of the Platte Basrn. Basrn-wide studies
and :proposals for further _deve~opment have been hel_d in abeyance,
pendmg settlement of this smt. The plans proposed herein may
be subject to major modification in the future. They represent conclusions reached from a study of available information and a few
preliminary surveys.
The Kansas River differs from the Platte in that its headwaters do
not originate in high mountain areas. Its run-off enters the Missouri
River in the more humid eastern portion of the basin, where annual
precipitation is as high as 36 inches. West of the 30-inch rainfall
belt, drought has been the worst enemy of stabilized agriculture,
but water resources are so scant that little development has been ,
undertaken.
The problem of stabilization is not unlike that of the
minor western tributaries in North and South Dakota. Higher precipitation in the Kansas River Basin is counterbalanced by a longer
growing season and a high consumptive use of water by diversified
crops. Flood damages in the eastern part of the Kansas ·Basin have
been frequent. Dual-use reservoirs on the Kansas River and its
tributaries are essential to a balanced water-use program.
GENERAL

DESCRIPTION

Niobrara Basin.-Inasmuch
as no further use of water in the
Niobrara Basin is now proposed, only brief mention will be made of
the general features of this basin. The Niobrara River drains an
area of 12,400 square miles. The maximum elevation iri its watershed is 5,000 feet. The annual precipitation varies from 16 to 22
inches, increasing eastward toward the Missouri River. Much of the
watershed area is covered by sand hills which absorb most of the
rainfall, and create a vast underground reservoir. This reservoir
regulates the run-off in streams emerging from the hills, thus producing perennial streams with remarkably low fluctuations in discharge
from month to month, and a narrow range in annual run-off. The
Niobrara, at Dunlap, in the semiarid section, where the Mirage Flats
project is now (1944) under construction, has an average annual
discharge of 40,000 acre-feet, but at the mouth the average annual
discharge is 852,000 acre-feet, the increase represents flow ·from the
underground reservoir beneath the sand hill areas. Unfortunately,
, most of this increase occurs in the lower portion of the stream, where
available land on which it could be used lies so high above the stream
that practical methods of bringing land and water together have not
been found.
Platte River Basin.-The North and South Platte Rivers, which
join near the city of North Platte Nebr. form the main Platte River.
It flows eastward through the St~te of Nebraska, to a junction with
the Missouri River near Plattsmouth a little way south of Omaha.
Both the North and South Platte Rivers have their sources in the
high mountains of central Colorado, along the Continental Divide.
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The Platte River is joined in eastern Nebraska by the Loup and
Elkhorn Rivers, which enter it from the north.
Of the total basin-drainage area of 90,200 square miles, the North
Platte drains some 37,400 square miles, the South Platte 24,000 square
miles, and the main Platte 28,800 square miles, of which 21,300 square
miles is in the Elkhorn and Loup River tributary watersheds. By
States, the North Platte drains 2,100 square miles in Colorado, 25,500
in Wyoming, and 9,800 in Nebraska; the South Platte drains approximately 19,000 square miles in Colorado, 2,000 in Wyoming, and 3,000
in Nebraska.
North P"lattedrainage.-. The North Platte River rises in North Park,
a rectangularly shaped mountain valley in northern Colorado, averaging 45 miles from north to south and 35 miles from east to west.
North Park has an average elevation of 8,500 feet, and is enclosed on
three sides by narrow mountain ranges with elevations up to 13,000
feet. Within this area, innumerable streams rise in the mountains,
uniting when they reach the valley floor to form several major streams.
These streams in turn combine to form the North Platte River, which
escapes through a comparatively narrow outlet below N orthgate, near
the Colorado-Wyoming State line. Practically all of the run-off of its
six major tributaries-Canadian,
Michigan, Big and Little Grizzlies,
Roaring Fork, and North Fork-is derived from melting snow, producing heavy flows in May, June, and July, and low flows during the
remainder of the year.
At N orthgate, the North Platte River enters a canyon about 20
miles long, to emerge at Douglas Creek, and then to meander through
isolated low mountain ranges before entering the plains near Saratoga,
Wyo. No important tributaries enter the stream through the canyon
section, but, between Douglas Creek and the plains, the massive Snowy
Range on the east, feeds numerous perennial streams. Encampment
Creek contributes much of the run-off from the Sawtooth Range on
the west.
Between Saratoga and the Seminoe Mountains, the North Platte
River passes through a broken desert plain that yields few perennial
streams. In this reach, the major tributary is Medicine Bow River,
which, since the construction of Seminoe Dam, is tributary to Seminoe
Reservoir. Through the Seminoe Mountains, the stream flows in a
steep, rugged canyon 5 miles long, and then enters the plain containing
the Pathfinder Reservoir. An important tributary, the Sweetwater
River, flows into the reservoir from the west. Below Pathfinder, the
river enters Fremont and Alcova Canyons (site of Alcova Reservoir),
and emerges into the plains again. From this point, the stream flowing east and southeast occupies a relatively shallow channel in valleys,
usually narrow, and infrequent canyons for a distance of 100 miles.
Below Guernsey, in eastern Wyoming, the basin widens into a broad
plain, extending to and beyond the junction with the South Platte
River.
Many small lakes occur throughout the mountainous sections of the
basin, and infrequently in the lower areas. The only water bodies of
special note are the improved lakes and reservoirs, which are discussed
in a subsequent section.
South Platte drainage.-The South Platte River and its principal
tributaries have their sources on the eastern slopes of the high mountain ranges extending from central Colorado north into Wyoming,
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to flank the North Park and Laramie River areas. The South
Platte River's headwater streams flow from the mountains out into
a high flat valley known as South Park. Here in South Park is
located the Antero Reservoir of the Denver Board of Water Commissioners. Below the Park, near Hartzel, the main river enters ElevenMile Canyon, the site of Eleven-Mile Canyon Reservoir and a few
miles below it flows into Lake Cheesman. These tw~ reservoirs
constitute parts of the Denver water system. Tarryall Creek and
the North Fork of South Platte are the most important tributaries in
this stretch of the river, the latter entering the main stream 15 miles
below Lake Cheesman, near South Platte. From this point to
Greeley, Colo., practically all of the inflow originates on the west side
tributaries-Bear
Creek, Clear Creek, Boulder Creek, St. Vrain
River, Thompson River, and Cachela Poudre River-all of which
produce fairly large quantities of water that is used for irrigation
throughout the length of the valley. The spring run-off and most of
the flood flows originating on these streams are largely captured, and
regulated for irrigation and domestic uses.
With the exception of Cherry Creek, practically all of the eastern
tributaries, and the western tributaries below Greeley, contribute
only spring run-off and flash-flood flows. Cherry Creek has some
sustained run-off, and because of the large size and character of its
watershed it is subject to occasional flood flows of large proportion.
Infrequent floods of high intensity are also experienced on Bijou
Creek and· other intermittent streams entering the lower reaches of
the South Platte River. The South Platte leaves Colorado near its
northeast corner, and joins the North Platte to form the main Platte
River. Although this subbasin is dotted with many natural lakes,
few of them are of such size as to warrant mentioning. The important
water bodies throughout the basin, of which there are many, have been
created through the construction of reservoirs or through alterations
to natural lake basins.
Main Platte River.-Eastward from the city of North Platte, Nebr.,
at the junction of the North and South Platte Rivers, the main river
flows in a broad, sandy, shallow bed to its confluence with the Missouri
River. The only perennial run-off in this portion of the river is that
furnished by the Loup River, its main north tributary, and the Elkhorn River, both of which discharge substantial flows. Extensive
development on the North and South Platte Rivers utilize all normal
flows originating within their watersheds. Occasional unused flood
flows pass down the river. In late fall months, return-flow from the
irrigated areas above extend some distance into Nebraska, but large
sandy areas in the main stream bed absorb much of the flow. The
main Platte Valley is broad, and its underlying alluvial fill affords
ground-water storage in sufficient quantity to support much development by pumping from wells. In 1942 and 1943, the number of
irrigation wells increased from a few hundred to more than 4-,000.
The acreage of irrigable land within the Platte River bottomlands is
large enough to utilize all available flows in the river above the mouth
of the Loup River. Below that river, there will ultimately be a small
surplus of unused water passing into the Missouri River.
Surface water resources.-The run-off of the North and South Platte
Rivers is derived from melting snow in the 1?-ighm~mnt~in ranges of
central Colorado and Wyoming. The flow 1s low m.wmter ~onths
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and high during the latter part of April and June. Summer rains of
widespread coverage seldom occur, but heavy rainfalls in local areas
sometimes reach cloudburst proportions. Run-off of both streams is
inadequate to serve more land than has already been developed, even
if fully conserved and regulated. Many trans-mountain diversions
from the western slopes have already been constructed to supplement
the flow of the streams, and numerous reservoirs have been created to
store floodwaters. Repeated re-use of return flows from upper areas·
on land further downstream are so frequent as to make it difficult to
tabulate available water resources.
_
The combined outflow from the North and South Platte Rivers,
under present conditions of development, would have averaged about
1,600,000 acre-feet during the period 1904-1940.
The Loup River, in the eastern portion of the basin, has an average
annual discharge near Columbus of 1,727,000 acre-feet. The Elkhorn
River, the farthest downstream tributary, has an average annual discharge of 450,000 acre-feet.
Ground-water resources.-The utilization of ground water in the
basin has been confined largely to three areas-(1) the Platte Valley
in central Nebraska, (2) the Fort Morgan district in the South Platte
Valley, in eastern Colorado, and (3) an area on Lodge Pole Creek in
southeastern Wyoming. Much of the development took place between 1930 and 1943. The following figures, taken from the United
States Census in 1940, show the rapid growth that occurred in this
10-year period.
Platte River Basin-Number

of pumped and flowing wells
Number of wells reported

State ,
Year 1930
Colorado____________________________________________________________________457
Nebraska____________________________________________________________________53
Wyoming___________________________________________________________________ 8

Year 1940
1, 984·
2,228
67

1----1-----

TotaL__ ___________
_________________________________________
___________

518

14,279

Includes only 8 :flowing wells.

Ground-water development is continuing in the vicinity of Grand
Island, and along several branches of the Loup River. Although the
utilization of ground-water resources is already quite extensive, and
is quite important in certain local areas, there is danger of overdraft
if measures are not developed for replenishing the underground
reservoir. Much study is being given to this type of development by
state and university staffs, in cooperation with the United States
Geological Survey. Areas in which conditions are favorable for pump
wells are now quite well defined. Those areas in which overdrafts
are imminent are also known. Underground water information,
gathered by the above-mentioned agencies, has been drawn upon
frequently in developing a plan hereafter outlined.
Quality of water.-ln general, no evidence of any serious problems
of salinity in surface and ground-water supplies has been noted in the
Platte Basin. Despite the fact that extensive use and re-use of return
flows is made along the lower reaches of the North and South Platte

,
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Rivers, and along the Platte River itself, a preponderance of returnflow in these reaches has not caused such salinity concentrations as
often result from such practice. Irrigators throughout the basin
make little, if any distinction, in their rights. to "first run" waters or
return waters, so far as quality is concerned.
The previous statements are based on generally known conditions
prevailing throughout the basin. Except in connection with groundwater investigations in central Nebraska, very little actual sampling
of surface irrigation water supplies has been carried out. In the
central Platte Valley, there is some indication of increased salinity
in recent years, in some of the municipal supplies drawn from shallow
ground water, and this may be related to the mineral matter originating with return flows.
In the upper basin, silt control is a relatively unimportant problem,
and little difficulty has been experienced in this respect in the operation of upstream reservoirs. The Pathfinder Reservoir, which was
put in operation in 1909, has lost but a small portion of its original
capacity by sedimentation. Below that reservoir, however, the silt
loads carried by the tributary streams have caused heavy deposition
in the Guernsey Reservoir. A silt survey made in 1937 showed that
the initial capacity of about 70,000 acre-feet had been reduced to less
than 55,000 acre-feet during a 9-year period of operation. An
additional loss of 3,000 acre-feet has occurred in 7 years since 1937.
This represents a total loss in capacity of more than 25 percent.
Kansas River.-The Kansas River drains 61,500 square miles of
typical prairie country, within the Great Plains. About 9,400 square
miles are in eastern Colorado, 17,500 in. southwestern Nebraska, and
34,600 square miles in the northern half of Kansas. The Kansas
River proper is formed by the junction of the Republican and Smoky
Hill Rivers, near Junction City, 174 miles west of Kansas City.
Locally, the Kansas River is called the Kaw. Every native calls it '
the Kaw, and all maps call it the Kansas. The Republican River
drains 25,500 square miles in Colorado, Nebraska, and Kansas, and
annually discharges 540,000 acre-feet at the Nebraska-Kansas state
line. Smoky Hill River drains 20,500 square miles in Colorado and
Kansas. It has two principal tributaries, the Saline and Solomon.
Land use.-The major land use types in the Niobrara, Platte, and
Kansas River Basins are:
Acres
Irrigated ____________________________________
-----------------------------------Tillable dry land __________________________________
---_--- -- -- --- ----------- ----Taylor grazing districts __________________________________________
--- ------ ---- --Grazing land outside district- _____________________
-------- --- ---- --- -- --- ------National Forest ___________________________________
--- --------- ------- -- ------ -- Indian Reservations _____________________________
--- ---- ------ ----------- -- -- --- Other reservations ______________________________
-_-------------------------------

~is~!r1~~~Js~~~:~ ~~~~!~--:==
===============================
===----------------

Total (159,340sq. mi.) _____________________
------ -- --- -- -------- --- ---- ----

2,762,100
33,828,000
2,600,000
47,852,000
215,000
340,000
525,000
1,103,000
12,752,500

Percent
Total
2.7
33.2
2.5
46.9
.2
.3
.li

1.1
12.6

1----1•

101,977,600

100.0

Over 98 percent of the irrigated land is in the Platte River Valley,
and over 90 percent of the tillable dry land is in Nebraska and Kansas.
Grazing lands occupy 4 7 percent of the total area as compared to 33
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percent for tillabl_edry la~d. Areas in national forestsi Indian rese_rvations and pubhc domams are very small as compared to those m
other major subdivisions of the Missouri River Basin. In dry-land
areas, small grains, wheat, oats, and barley, represent the major crop,
giving way to corn in the eastern areas. In general, all of the dry-land
farming area can be classed as one-crop agriculture.
Soils.-The origin, texture, maturity, organip content, and agricultural value of soils· of this subbasin vary greatly, because they have
been developed under various conditions of climate and vegetative
cover. They range in texture from sands to impervious clays,
depending upon the method of their formation and the nature of the
parent material. Organic and nitrogen contents increase toward the
eastern limits of the basin. The soils of the extreme eastern portion
are ·dark colored and s-omewhat leached of soluble material, while in
the more arid sections of the west they are light colored and unleached except in the uppermost portion of the profile. Physiographically there ar,e four broad groups of soils in the basin: (1)
Alluvi_alsoils of valley bottom lands and terraces, (2) residual soils of
'uplands and plains, (3) aeolian, and (4) loess soils of the eastern plains.
(1) Alluvial soils include recent alluvium of river flood plains and
older soils of higher terraces. They are light brown in the western
area, shading to darker brown or black in the eastern areas. Their
texture ranges from sands or sandy loams to heavy, massive clays,
and they contain varying amounts of soluble salts. They are generally heterogenous in composition, varying greatly in depth, and they
generally overlie gravel. Most irrigated areas are composed· of soils
of this group.
.
(2) Residual soils of uplands and plains have been formed in place,
by the weathering of overlying rocks. Their depth depends on the
severity of the erosion to which they have been subjected. Many
areas in this group, particularly those formed from salt-bearing shales
have accumulations of soluble salts sufficient to be toxic to plant·
growth. With good drainage, residual soils are well suited to diversified crop prod~ction.
(3) Aeolian soils have been formed from material deposited by wind.
They are light in texture, low in organic content, and in general not
well adapted to the production of crops. Many areas are subject to
constant shifting by wind action. The sand hill district of north,
central, and western Nebraska is included in this group.
(4) Loess soils of the eastern Great Plains are of aeolian origin,
but fineness of material distinguishes them from other aeolian soils.
They are buff colored, heterogeneous in texture, and rich in calcium
carbonate. They vary in depth from a few feet to a hundred or more.
The largest bodies of this kind of soil occur in the eastern part of the
basin. For irrigation development, they are comparatively unimportant,. because they lie in the portion of the basin where humid
conditions prevail.
Olimate.-Whi1e. the climate of these sub-basins is typical of the
entire Great Plains area, relatively mild conditions prevail along the
foothills of the Rocky Mountains, in Colorado. In the central
portion, and within a distance of a 100 miles of the Missouri River,
where semihumid conditions exist, fluctuations in temperatures are
great. The following table lists climatological data at strategic
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points in the sub-basin. The localities listed therein have been
selected to show conditions representative of areas in which additional
irrigation development is proposed. An understanding of drought
conditions in the lower parts of the Loup, Platte, Kansas, and Smoky
Hill Basins is best obtained by the analysis of 20:-day periods during
the growing season. It is generally conceded that if a period of 20
consecutive days in which the rainfall is less than one-half inch
occurs during a growing season, dry-land crops are severely injured,
and diversification is impracticable.
Such an analysi.s is diagrammed
for Beaver City, Nebr., on the accompanying insert.
The diagram illus·trates the precarious nature of precipitation,
representative of the entire Great Plains area, and shows why dryland agriculture is so unstable, a~d. why its yields are low. Winds
are severe, and summer temperatures are high. Humidity is low in
the western section, and high in the eastern section. Generally, the
growing season is much longer m the basins of the Niobrara, Platte,
and Kansas Rivers than in the northern portion of the Missouri
River Basin.
Markets and transportation.-Trading and sh,ipping centers are well
distributed throughout the agricultural area of the basin, providing
convenient outlets for crops and livestock. The Union Pacific Railroad cross~s the entire basin from Omaha 1 westward. The Burlington
and Rock Island railroads cross from Omaha to Denver, and each of
the three above-named roads has lines from Denver to Kansas City.
The Union Pacific and the Santa Fe railroads are important transportation arteries in the Kansas River Basin. All of the railroads
mentioned, and the Northwestern Railway, have numerous branches
throughout the territory. Paved or oiled highways are numerous in
cardinal directions. Both railway and highway transportation facilities are well developed in the basin. Denver, Omaha, and Kansas
City are the principal markets for farm products and livestock.
Population and industry.-The total population of the basin in 1940
was 2,219,000, that is, 1.67 percent of the total population of the
United States. According to statistics issued by the Bureau of the
Census on November 1, 1943, the estimated civilian population in
the sub-basin had decreased 9.6 percent since 1940, and was then
2,006,000. The rural farm population in 1940 was 764,000.
Climatological data (sub-basin: l\iobrara, Platte, and Kansas)
Fort
Robinson,
Nebr.

Valentine,
Nebr.

--

-Number of years of record, temperature. _. ___________
. ____________
. ___
54
52
Number of years of record, precipitation _______________________________ 54
52
Mean annual temperature ___________ 46. 7
47.1
Minimum temperature ______________ -36
-38
Maximum temperature ______________ 107
108
Average annual precipitation, total
period of record ____________________ 18.3
18.8
Average May-September precipitatfon, 1931-40. ______________________ 8.6
9.4
Average annual snowfall, 1931-40.. __ 41. 3
31. 9
Average annual snowfall, total
period of record .... ________________
-------- -------Average days between killing frosts,
1931-40.... - ... - - - - ... _. _____. _.. - _
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Niobrara,
Nebr.

154

Wray,
Colo.

-46

Beaver
City

59

Smith
Center

56

13

48
74
53.9
-23
116

22.3

23. 7

46
49. 7
-38
116

47
50.7
-32
110

59
52.6
-24
116

31
56
53.1 --------24
-25
112
116

22.8

18.4

22.2

25.4

11.5 -------11.5 --------

---------------160

153

-------- 11.5
---------------- 14.0
-------- -------- 15.5
201 -------164
--------

Hays,
Kans.

--

--

-41

Concordia

14.6
16.2
16.3
180
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1898

1899

14.23

1900

1573

1901

1902
1903
1904

18.33

1905
1906

36.08

--Extended
dry periods,April-October,
inclusive,during which time one-half inch
or less ot precipitation fell in twenty or more
consecutive days at BeoverCity,Nebrosko,

1907
1909

1910

1893-1942.

1911

1912
1913
1914
1915
1916

19.94

1917

20.39

1918
1919

1920

1924

1925
1926
1927
192.8
1929
1930
1931

2152

26.72

1932
1933

IEi.!~8

10.76
1935
1936
1937

21.41

15.00

13.65
18.~

1938
1939
1940
1941

13.00

24.67

20.78
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Total wholesale trade in 1939 was $658,000,000 and retail trade,
$707,000,000. Denver, Omaha, and Kansas City are major manufacturing centers as well as markets for farm products and livestock.
The total value of all farm products and livestock products in the
basin in 1939 was $230,000,000.
Mineral resources.-The lure of gold and other metals in the Rocky
Mountains, along the western boundary o.f the Missouri watershed,
gave impetus to early settlements in Colorado and Wyoming. For a
time, mineral production was the principal activity in the basin, but
its importance has waned. Total production of all mines in the subbasin in 1939 was only $4,053,000. Iron ore from Sunrise, Wyo.,
supplies a steel mill at Pueblo, Colo. Coal, oil, and natural gas have
replaced metal mines in importance. Adjacent to the foothills of the
Rockies, extensive coal deposits are being mined. Oil and gas production reached its peak several years ago, and is now.,.declining. The '
total value of all coal, oil, and natural gas produced .in 1939 was
$13,729,000, all of which was produced in Colorado and Wyoming.
There is no known production of any minerals in Nebraska or in the
Kansas River Basin.
Recreation.-Facilities
for recreation, except in Colorado and
Wyoming, are quite limited, consisting chiefly of artificial lakes and
municipal developments adjoining many of the larger communities.
In contrast, t.be Rocky Mountain region of Colorado and Wyoming
offers numerous opportunities for recreation of all types. The
tourist business in Colorado alone has been evaluated in pre-war
days at more than $50,000,000 annually. Mountain peaks rise· to·
elevations of more than 14,000 feet, and areas surrounding them
are easily accessible by roads and railroads. The Rocky Mountain
National Park is about 80 miles from Denver, and has attracted
annually a larger number of visitors, wit,h but two exceptions, than
any other of the national parks of the N a,tion. Hunting, fishing, and
dude--ranching, combined with mountain climbjng and mountain
scenery, are the principal tourist attractions.
A majority of the
tourists visiting the Rocky Mountain nrea in the summertime are
residents of the eastern portions of the basin.
•
Fish and wudlije.-The
Niobrara River and its drainage basin
presents a situation similar to the minor western tributaries; namely,
that of a stream poorly adapted to fish. This ha.sin will have to
depend upon tp.e stocking of artificial bodies of water for fish. The
basin itself provides a suitable environment for upland game fowl.
The upstream tributaries of the Platte reach back in the mountains
in Colorado and Wyoming. When these tributaries run clear from
vegetated slopes they provide the ideal conditions for the trout
fishing, a resource use for which the region has long been well known.
As the Platte traverses the dry, high plains, gathering its load of
sediment, the stream, because of the shallow character and consequent
high temperature furnishes a poor environment for anything except
the coarser type of fish. The general environmental conditions in
much of the course of both the Platte and the Kansas Rivers are such
that if fishing is to be provided for the public, the main reliance will
have to be upon cooler, deeper bodies of impounded water.
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DEVELOPMENT

The best available estimates of present irrigation development in
this portion of the Missouri River Basin, are:

I

Colorado_ --- - - - - -- - - -- -- - 1, 31~,e~oo
Nebraska _____-- - - - - - - - - - Wyoming________________
534, 000 Kansas___________________

s:~:uooo
42, 100

Irrigation development has been financed in several different waysby individuals or corporate ditch companies, mutual water companies,
irrigation districts, Federal reclamation projects, and as the Carey Act
and Warren Act projects. The developments on the North and South
Platte Rivers utilize fully the available water supplies. Future development can be accomplished only through importation of additional
water from the Colorado River Basin. Limited use can be made of
underground waters in the development of certain local areas in the
eastern portion of these stream basins.
Federal investments in reclamation are represented by the North
Platte project, -supplying water to 340,000 acres in Wyoming and
Nebraska, along the North Platte River; the Kendrick project, of
66,000 acres, major features of which have been constructed, but are
not yet in full operation, and the Mirage Flats project of 12,500 acres,
on the Niobrara, now under construction. The Bureau of Reclamation has expended a total of $37,600,000 to date on the Kendrick and
North Platte projects.
Three public power and irrigation districts on the Lower Platte,
in Nebraska, were financed by the Public Works Administration.
The
total of investments on Public Works Administration projects in
Nebraska, including power and irrigation features, has been approximately $50,000,000. On the North Platte River, 27 major operating
reservoirs have been constructed, with an aggregate capacity of
2,600,000 acre-feet, while on the South Platte River over 380 reservoirs
are reported to have gross capacities of about 900,000 acre-feet.
The major feature of the Public Works Administration projects in
Nebraska, is the McConoughy Reservoir on the North Platte, just
north of the town of Ogalalla, having a capacity of 2,000,000 acre-feet.
The McConoughy Reservoir was built for the purpose of supplying
water to some 350,000 acres of land, most of which was on the broad
divide between the Platte and the Republican Rivers. Canals and
distribution systems were built for 155,000 acres of development, but
further progress was stopped by an injunction issued by the Supreme
Court of the State of Nebraska, against the use of any Platte River
waters on the Republican River watershed. This controversy has not
been settled. A special committee of the Nebraska legislature is
studying it, with a view to settling the question by legislative action.
Uncertainties arising from this controversy preclude final determination of the ultimate use of Platte River flows below Grand Island.
Most of the irrigation development along the Platte River in
Nebraska lies west of the town of Grand Island. In early days, many
private ditches were built, the water supplies for whic~ were dependent
upon residual flows in the North and South Platte Rivers.
Irrigation development in the Kansas River Basin has to date (1944)
consisted principally of private irrigation developments on the Re~ublican River, in the vicinity of Culbertson, Nebr., and a f~w mmor
developments in the Smoky Hill River Basin. In the basm of the
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Loup River, a tributary of the Platte, 36,000 acres have been developed
in recent years under the Public Works Administration program.
In connection with irrigation projects in the lower Platte River
Basin, several hydroelectric power plants have been built, some of
them so far ~head of irrigation development that a major readjustment of power production will be necessary to permit maximum
utilization of water resources.
PLAN OF FUTURE

DEVELOPMENT

Water-use problems .-The full economic use of remaining water resources in the low:er Platte valleys will require the storage of water
now passing through power plants of the Central Nebraska Public
Power & Irrigation Co.'s system, and the utilization of the large run-off
of the Loup River for irrigation as well as power.
On the Loup River, the Columbus Power Plant of the Loup River
public power and irrigation district has used the flow in the river so
as to preclude further use for irrigation of the waters of the basin,
except on lands which have rights but are not fully developed, without compensating the district for the value (as power) of the water
that would thus be withdrawn. The flow in the Loup River and the
capacity of the power plant are such that additional consumptive uses
of water above the power plant would reduce the power output. The
value of the power that would thus be lost is great. It would make
impractical the payment of compensatory damages if only small irrigation projects were to be developed. Large irrigation projects would
produce great benefits. In the future it may be advisable to consider the retirement of the Columbus power plant as a large, firm
power producer to make way for irrigation.
The pumping of ground water for irrigation has made such rapid
strides in the lower Platte Valley that proper measures must be taken.
Serious shortages are in immediate prospect. By distributing available surplus-water supplies by surface irrigation or otherwise in areas
developed or to be developed by wells, the underground water supply
would be sustained, and could be made to support a larger development.
Platte River Basin.-The
irrigated areas in the North and South
Platte Basins can be increased but little without the importation of
water from the western slope of the Rocky Mountains.
Several such
diversions have been proposed. Several have already been built, and
a major diversion is being accomplished by the construction of the
Colorado-Big Thompson project. In Colorado, 865,000 acres of land
surrounding the cities of Denver and Greeley are now inadequately
supplied by streams originating in the headwaters of Platte River.
If all of the transmountain diversions proposed are constructed, a
supplemental supply will be furnished to much of this acreage, and a
major expansion of the irrigated area can be accomplished. Such
transmountain diversions are not a part of the plan of development
tor the !vlissouri R~ver Basin water resources., and plans for the
1mportat1on, regulat10n, and use of such waters will not, therefore,
be discussed here.
An early Supreme Court decision affecting the North Platte River
Ba~in is anticipated in the interstate water suit which has been under
way for several years. That decision may have an important bearing
98676-44-'1
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upon the possibilities of further development on the North Platte
River. No plans can be presented in anticipation of that decision.
The proposed Kortes power development on the North Platte, in
Wyoming, will not be affected by the Court decision in the case
to which reference has been made. The fall in the river between the
Seminoe Dam and the Pathfinder Reservoir will be utilized by constructing a concrete arch dam in the canyon, a few miles below
Seminoe, to develop a head of 195 feet. Power will be generated with
water released from the Seminoe Reservoir· and reregulated by the
Pathfinder Reservoir. A 30,000-kilowatt installation is proposed.
A recent silt survey of the Guernsey Reservoir, constructed by the
Bureau of Reclamation near Guernsey, Wyo., has shown that its
capacity has already been impaired by silt accumulation to such an
extent that about 30 percent of its total capacity has been lost. It is
apparent that further measures must be taken to provide additional
silt-storage capacity, to reregulate return flows on the Kendrick
project when it is irrigated, and to develop more power. A reservoir
is therefore proposed on the North Platte River, near the town of
Glendo, Wyo., to store approximately 150,000 acre-feet of water, and
to correct the adverse conditions now facing that portion of the river
basin. Development of additional irrigated land with the aid of this
reservoir is not proposed.
A reservoir of 384,000 acre-foot capacity is proposed on Plum
Creek, just south of the town of Lexington, Nebr., so located as to be
supplied by water released during winter months through power
plants of the Central Nebraska public power and irrigation district.
Water thus stored will be released during the summer months for
the irrigation of 140,000 acres of land on the north and south sides
of the Platte River, between Overton and Grand Island. The water
supply is insufficient for irrigating a larger acreage by gravity, but an
additional 75,000. acres will be developed within this area by the
sinking_ of wells from which to pump water from the underground
reservoir.
Loup River.-The irrigation phases of water projects in this area are
not completely developed. Utilization of the water for power, and the
use of power itself, on the other hand, has proceeded. There are no
important additional hydroelectric possibilities in the basin, but it will
be possible to supplement the power supply by transmission from the
proposed large· dams on the Missouri River. There are certain
unrealized opportunities for expansion of the irrigation use of the
waters of the Loup system, expansion beyond the limits of the present
projects.
Little, if any, more water can be used consumptively above the
Columbus power plant, however, without adversely affecting it. In
addition, some of the irrigation prospects would require diversion of
water out of the Loup Basin and into its parent basin, the Platte, and
beyond into the Big Blue Basin that drains to the south. The legal
basis for such diversion is questionable in Nebraska, but if such
diversion takes no waters usable in the Platte River Basin, it is presumed that no objection would be raised.
.
The physical plan described below, it should be understood, is
tentative .and contemplates the ultimate future development, perhaps
many years in the future. If it is uneconomic to retire any part of
the .production of the Columbus power plant, then the plan must be
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altered. If the plan should be proved feasible by the test of developing
needs then it would be possible to bring power into the basin to substitut~ for the power that would no longer be available at the Columbus
plant. The Columbus plant. then could be op~rated with t~e lesser
amount of water that w·ould, m any event, contmue to be available at
its site.
A reservoir of 30,000 acre-foot capacity, on Dismal River, a tributary of the Middle Loup, about 15 miles upstream from the town of
Dunning, would store winter flows of tha~ river for use on the
25,000-acre Sargent unit, above and surroundmg the town of Sargent,
on the Middle Loup.
•
_
Just below the confluences of the Middle and South Loup, near
Boelus, a reservoir of 790,000 .acre-foot capacity could be built, to store
flood and winter flows of both the North and Middle Loup, and their
tributaries. Water thus stored could be conducted through a 17-mile
canal across the low divide between the Loup and Platte Rivers into
the Platte River Valley, near the town of St. Libory, where the canal
would be divided. The south branch, after crossing the Platte
River a few miles west of Grand Island, would turn downstream to
irrigate the Osceola unit of 120,000 acres, on benchland south of the
Platte River, between the towns of Hordville and David City. A
part of the water thus diverted would be used to irrigate lands in the
Big Blue River Basin. This transbasin diversion would not interfere
with irrigation along the Platte River and the Loup River, for a surplus
would in any event be discharged into the Missouri at the mouth of the
Platte. The northern branch of the canal from Boelus Reservoir
would serve iands between Prairie Creek and the Platte River, from
Grand Island to Silver Creek. Thus all of the bottomlands along the
Platte River as far as Silver Creek could be brought under irrigation,
and also some additional lands on the bench south of the river.
A diversion dam would be built on the North Fork of the Loup
River, above the town of Ord, and a 25-mile diversion canal would
deliver winter and flood flows of the North Loup into Davis Creek
Reservoir, on a tributary of the North Loup, near the town of Coatsfield. This reservoir would have a capacity of 380,500 acre-feet.
Waters released from the Davis Reservoir would be used to irrigate
lands along or in the valley of the North Loup, between Scotia and
St. Paul, a.nd to supplement the water supply for much larger areas
below the junction of the Middle and North Loup Rivers. At Cushing, a diversion dam would divert water to both sides of the Loup
River Valley, the south canal crossing the divide between the Loup
and the Platte, to serve the intervening area in the Platte River Basin
between Prairie C:r~eekand the Platte Rivier. After crossing the Platte
River, the canal would follow along the -Platte River bottoms on the
south side of the river, as far downstream as the town of North Bend ..
Forty thousand acres in this area, called the Bellwood unit, would be
irrigated by gravity, and 40,000 acres by wells scattered throughout the
area. From the diversion dam at Cushing the north canal would
serve lands on the north side of the Loup River, between the dam and
the mouth of Beaver Creek, near Genoa. The present dam and
power canal of the Loup River Public Power and Irrigation District
could be utilized to and through the Columbus power plant. After
the water emerged from the power plant, it would be diverted into a
canal along the foot of the bench north of Schuyler, eventually to
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emerge on top of the bench. It would serve land between Maple
Creek, Platte River Divide, and the Platte River to a point a few
miles west of Fremont.
'
In the Loup Valley, below the Davis Reservoir, a total of 100,000
acres of land would be irrigated, 30,000 of it by wells scattered throughout the irrigable areas. In the Platte River Valley, 120,000 acres
would be serve<:{by Loup River waters, and 40,000 acres would be
developed from wells. On Cedar River, Erickson Reservoir of 30,000
acre-foot capacity, near the town of Erickson, would serve 20,000
acres in Cedar River Valley, between Spaulding and Fullerton. On
Beaver Creek, Loretta Reservoir of 20,000 acre-foot capacity, just
above the town of Loretta, would serve 10,000 acres of land between
Loretta and Fort Everett.
A summary of these potential developments in the Platte and Loup River Basins, below North Platte, is
given in the table below. The various reservoirs and canals, and
the areas to be served are shown on the State map of Nebraska in
the back of this report.
Proposed irrigation developments Lower Platte and Loup River basins

Unit

Source of water
supply

Acreage to be served
Reservoir
Canals

Wells

Location

Total

-Plum Creek ________ Platte River_ . 140,000 75,000 215,000
Grand Island _______ Middle Loup_ 70,000 30,000 100,000
Osceloa ____.. _. __________do_________
120,000

--------120,000

Prairie Creek ____. __ Loup River .. _ 55,000

25,000

80,000

... _ 40,000
Bellwood __. ______.. .. ___do ______

40,000

80,000

Loup Valley _____________do_________70,000

30,000

100,000

.<lo_________ 80,000

40,000

120,000

Sargent _____________Middle Loup. 25,000
-------Jrarwell _____________
_____do_________15,000 --------

25,000
15,000

Scbuyler _____. ____..

0
___

Lower North Loup_ North Loup ___ 15,000

-------- 15,000

Cedar Rapids _______ Cedar River __ 20,000 -------- 20,000
Albion ______________Beaver Creek_ 10,000 -------- 10,000
Totals ________---------------660,000 240,000 900,000

--

Plum Creek _______ Platte Valley above
Grand Island, both
sides of river.
Boelus ____________North of the river,
between Grand Island and Central
City.
_____do_____________
On table south of
Platte River.
of Pia tte
Boelus and Davis_ North
River, Central
City to mouth of
Loup River.
__. __do_________
. ___ South side of PlattP.
River, opposite
Columbus.
_. ___do_____________Loup River Valley
below St. Paul.
__. __do_____________
North
of Platte
River, between
mouth of Loup and
Freemont.
Dismal__ __________Middle Loup River.
_... _do_____________Tableland between
North Loup and
Middle Loup.
Davis Creek ______ North Loup Valley
below present irrigation.
Erickson __________Cedar River Valley.
Loretta_. _________ Beaver Creek Valley.

Republican River Basin.-The
Republican River is one of the important tributaries of the Kansas River; It extends northwestward
from its mouth at Junction City, Kans., into Nebraska and Colorado,
its drainage basin being about equally divided among the three States.
Maximum practical irrigation use of its wate! resour?es, and protection from floods are primary needs of the basm. l\!aJ or floods a!e
infrequent but they do much damage. A flood which occurred m
May and june 1935 caused 59 percent of the total flood damages which
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have occurred in the last 50 years. Control of floods along the Kansas
and Lower Missouri Rivers requires the construction of reservoirs in
the Republican River Basin. The ultimate plan of development for
the basin will accomplish maximum utilization of its water resources,
and will provide flood protection for the entire Republican River
Valley, and to some degree will protect areas along the Kansas and
Missouri Rivers. Irrigation development on 187,864 acres is to be
accomplished by a system of 18 separate units. Storage is to be
provided in 6 reservoirs, 3 of which are multiple-purpose reservoirs.
On the South Fork of the Republican River, about 2 miles upstream
from the town of Hale, Colo., it is proposed to build the Bonny Reser-·
voir, with a maximum capacity of 118,000 acre-feet. The predominant use of the reservoir will be for flood control. The run-off to be
stored in the Bonny Reservoir will be sufficient to irrigate 6,500 acres
of land on the north side of the South Fork, in Colorado and Kansas.
Diversion for this area will be made at the Bonny Dam. On the
Arikaree River, in Colorado, the Pioneer Reservoir of 34,000 acre-foot
capacity is proposed for flood-control purposes only, as the annual
run-off of Arikaree River, even when properly regulated, is not sufficient for the development of"any considerable acreage.
The Wray Reservoir of 7,000 acre-foot capacity is proposed, on the
North Fork of the Republican River near the town of Wray, Colo.,
primarily for irrigation. It will furnish a supplementary water supply
for 3,340 acres of land in Colorado and Nebraska, now irrigated, and
the water supply for 2,080 acres of additional land now dry-farmed.
All project lands border the North Fork of the Republican River,
between Wray, Colo., and Haigler, Nebr.
The Culbertson Reservoir, of 170,000 acre-foot capacity, in southwestern Nebraska, is proposed as a combination irrigation and floodcontrol reservoir. The Harvey Reservoir is on Frenchman Creek, a
few miles from the town of Imperial, Nebr. It will have a 35,000 acrefoot capacity, primarily for irrigation, but with some flood-control
values. Medicine Creek Reservoir is on Medicine Creek, 8 miles
northeast of the town of Cambridge, Nebr. It is another combination
reservoir for irrigation and flood control, with a total capacity of
32,000 acre-feet. These three reservoirs, Culbertson, Harvey, and
Medicine Creek, will regulate flows of the Republican River and its
two principal tributaries, to permit the irrigation of 40,810 acres of
new land in valley bottoms below the reservoirs. In addition, 17,100
acres of land now irrigated will be furnished with a supplementary
water supply, and adequate flood control will be provided for the
upper part of the Republican River Basin. Harlan County Reservoir is
a flood-control structure already authorized for construction by the
Corps of Engineers, War Department.
That agency proposes to
build a reservoir to a capacity of 1,199,000 acre-feet, 150,000 acrefeet of which will be used to irrigate 89,000 acres of land in Republican
River bottomlands of Nebraska and Kansas, and a bench called the
Courtland Bench, in Kansas, west of the town of Scandia. The unit
includes 26,000 acres of land in Nebraska and 63,000 acres in Kansas.
In the lower portion of the basin of the South Fork of the Republican
River, below the town of St. Francis, and along the North Republican,
between the town of Benkleman and the Culbertson Reservoir, are
10,000 acres of land included in the proposed development, for which
water will be taken from underground sources. Twenty-five hundred
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acres on Frenchman Creek, 5,000 acres scattered from the Culbertson
Reservoir to the Harlan _County Reservoir, and 6,000 acres below the
Harlan County Reserv01r, a.re also to be developed with water from
underground sources, by the sinking of wells.
Prairie Dog Creek is the only southern tributary of the Republican
River in Kansas with run-off. reli~ble enoug~ to justify irrigation
development. • Norton Reservoir, with a capacity of 16,000 acre-feet
is proposed to serve the Almena unit of 4,500 acres, in the vicinity
between the town of Almena and Long Island, Kans.
Smokey Hill Basin.-Stream regulation in the Smoky Hill Basin is
·needed for irrigation and flood control. A few municipal water supplies wµl be benefited. The primary need in the downstream valley
area of the Solomon, Saline, and Smoky Hill Rivers is flood control.
Six reservoirs are required to meet the needs of the basin. Their
names, location, and capacities, are listed ·below:
Sub-basin

Reservoirs

Location

Capacity

-Kirwin..... _.. _____ North Fork of Solomon At Kirwin, Kans. in Phillips
County.
River.
Webster ____________
South Fork of Solomon At Webster, Kans. in Rooks
County.
River.
Glen Elder _________Solomon River __________At Glen Elder, Kans., in Mitchell
County.
Wilson _____________
Saline___________________
Near Wilson, Kans., in Russell
County.
Cedar Bluff ________Smoky Hill River _______Southwest of Ellis, Kans., in Trego
County.
Kanopolis __________
Kanopolis, Kans., in Ells--- ----- ------- ----- Near
worth County.

----

--

Area to
be irrigated

Acre-feet

174,400

11,000

165,000

10,000

304,000

26,000

262,000

18,000

272,500

13,000

432,000

40, 000

All six reservoirs will serve the needs of irrigation and flood control.
The Kanopolis Reservoir was under construction by Army Engineers
at the beginning of the war, but was stopped by the War Production
Board.
Missouri River Basin-Summary
Unit

of irrigation units (Niobrara, Platte, and Kansas)
New land

Platte River Basin:
Acre,
Narrows t___ ______ _______ ___ __ __________ __ _____ _____ ___ __ ______ _
100,000
Sargent_________________________________________________________
25,000
Farwell.________________________________________________________
15,000
Lower North Loup_____________________________________________
15,000
Cedar Rapids___________________________________________________
20,000
Albion__________________________________________________________
10,000
Loup Valley____________________________________________________
100,000
Plum Creek____________________________________________________
215,000
Grand Island___________________________________________________
100,000
Prairie Creek.__________________________________________________
80,000
Osceola_________________________________________________________
120,000
Bellwood.
-- --- ----------- -- ---- ------ ------- ----------- ----- --80,000
Schuyler________________________________________________________
120,000

Supplemental
water

Acre,

0

g
g
0

0
0
0
0
0
00

Total area
benefited

Acre,
100,000
25,000
15,000
15,000
20,000
10,000
~~:

ggg

100,000
80,000
120,000
80,000
000
120,

1 To be constructed only in the event of the completion of the transmountain diversions that have been
proposed.
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Missouri River Basin-Summary of irrigation units (Niobrara, Platte, and
Kansas)-Contin ued
New land

Unit

Supplemental
water

Total area
benefited

Acres

Acrea

Acrea
Kansas River Basin:
North Republican _____________________________________________
2,080
St. Francis _____________________________________
------- --------- 6,000
23,500
Wells _____________
------------ -------- ------- ----- --- ------ -- --Frenchman ____________________________________________________
_
3,330
Meek er ________________________________________________________
_
4,180
Red Willow ___________________________________________________
_
12,880
Cambridge ____________________________
------ ---- -- -- --- ------ -15,740
Almena ________________________________________________________
_
4,500
Oxford_________________________________________________________
_
4,680
Franklin _______________________________________________________
_
6,840
Red Cloud ______________________________
----- -- ---- --- --- ---- --6,155
Courtland ___________________________________________
_
53, 200
10,275
Scandia ________________________________
--- --- ---- -- ------ ------ 12,700
11,000
Kirwin _____________________
-- --- ______- - -- ---- -- - - -- - - -- -- -- -- Webster __________________________________
---- ----- ------- ---- -10,000
Glen Elder ____________________________
----- -- ---- ---- -------- -26,000
Wilson ___________________________________
-- --- ----- ----- --- ----18,000
Cedar Bluffs ___________________________
--------- ------------ -- -13,000
40,000
Kanopolis ________________
-_-_- _- ------------ . -----------------1.....-----1-----1Total ________________________________________________________
_ 1,284,060

3,340
519
0
11,145
3,820
990

1,060
0
100
180
95
400
155
0
0
0
0
0
0
0

t~~iifa

21,804

5,420
6,519
23,500
14,475
8,000
13,870
16,800
4,500
4,780
7,020
6,250
53,600

10,430
12,700
11,000
10,000
26,000
18,000
13,000
40,000
1,305,SM

Proposed reservoirs (Subbasin: Niobrara, Platte, and Kansas)
Reservoir

Stream

Unit served

Tot a 1
capacity
acre-feet

Pioneer ____________Arikaree River ____
34,000
Bonny _____________South Fork Re- St. Francis ____________ 118,000
publican River.
7,000
Wray __---- --- ----- North Fork Re- North Republican ____
publican River.
Culbertson _________Republican
Meeker, Red Willow,
170,000
River.
Cambridge, Oxford.
Harvey ____________Frenchman Creek_ Frenchman ___________ 35,000
Norton _____________
Prairie Dor Creek_ Almena_______________ 16,000
Harlan County ____ Repub
ican
Franklin, Red Cloud, 1,199,000
River.
Superior, Courtland, Republic and
Scandia.
Medicine Creek ____ Medicine Creek___-- -- --- ---- ------- - ----- 32,000
Kirwin _____________
North Fork, Solo- jrirwin ____-----------174,400
mon River.
Webster ____________
South Fork Solo- Webster _______________165,000
mon River.
Glen Elder _________Solomon River ____ Glen Elder ____________304,000
Wilson _____________Saline River ______ Wilson ________________262,000
Cedar Bluff ________Smoky Hill River_ Cedar Bluff ___________ 272,500
_____do_____________
Kanapolis ______
.:.______ 432,000
Kanopolis __________
Narrows ___________South Platte ______ Narrows ______________660,000
Glendo _____________
North Platte ______ North Platte __________ 150,000
Plum Creek ________Plum Creek _______Plum Creek ___________384,000
Boelus Reservoir ___ South Fork Loup_ Grand Isle, Osceola, 790,000
Prairie Creek, Loup
Valley, Schuyler,
Bellwood.
Davis ______________
North Fork Loup_ Prairie Creek, Loup
380,500
Valley, Schuyler,
Bellwood.
Dismal _____________
Dismal River _____ Sargent_ ______________ 30,000
Erickson ___________Cedar River ______ Cedar River __________ 20,000
Loretta __________
_
Beaver Creek _____ Albion ________________ 15,000
7
TotaL _______----- -------- ------- ------------------- ----- 5,650,400

Purpose

Flood and silt control.
Irrigation, flood and ant
control.
Do.
Do.
Do.
Do.
Flood and silt control, irrl·
gation, power.
Flood and silt control.
Irrigation, flood and sll
control.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
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Summary of developments, by States--(Niobrara,

Platte, and Kansas)
New land

Supple- Total bene•
mental
fited,
water, acres
acres

Colorado _____
-----------_ -- -_--- _-__________________________________
101,280
1,719
102,999
Nebraska_------------------- --------_-___-________________________
989,445
1,009,375
19,930
Kansas ___ --------- - ---- -----------___-_-________________________
•_
193, 335
155
193,490
Tota1 _________________________________________________________
1-l,-2-84.c_,0_60_1-----1--_.:_
21,804

Number
reservoirs

State

~1i~~g=
=

=====
===
========
==========~======
=============
======
===
===
=======:
===
Nebraska ___________________________
. ___________________________________________
_
Kansas ________
---- - --- --- -_-------- -- ---- -- ------ -----_-_---- -------_-- ________
_
TotaL _____________________
• ______________________________________________
_

1
3
10
8

22

1,305,864

Capacity,
acre-feet
150,000
785,000 '
3,055,500
1,659,900
5,650,400

proInstalled Annual
duction,
capacity,
kilowattkilowatts hours,
firm

Power plant

Harlan County, Nebr __________________________________
•________________________
_

2,000

6,700,000

Missouri River Subdivision, Fort Peck to Sioux City
• FOREWORD

The boundaries of this subdivision of the Missouri River Basin
have been drawn to include all areas in which water from the main
stream below Fort Peck can be utilized for irrigation, floo,d control,
power generation, municipal water supply, or other miscellaneous
purposes. Until 1940, practically none of its waters were being so
used. As an economic or social resource, the Missouri has been a
menace rather than a valuable asset. Floods and ice jams have done
much damage. Bank erosion has been extensive· along the 1,100
miles of river channel in the basin.
Lewis and Clark were probably the earliest explorers to find a use
for the river as a means of transportation to the Rocky Mountain
region. The river was the chief artery ot commerce for a large territory until the transcontinental railroads were built in the eighties.
The greater reliability, speed, comfort, and economy offered by the
railroads soon relegated the river to its former state of uselessness.
For many years, residents along its course and throughout the
enormous area bordering it, as far as Minnesota, have been making
plans and dreaming of a time ~hen the muddy Missouri could be
made to serve them. None of their plans has materialized. The plan
of development herein outlined presents a practical scheme for utilizing
Missouri River water for many purposes far beyond the vision of
those who have been working so hard to make the river of practical use.
A NEW

FRONTIER

IN IRRIGATION

The development plan proposed in this report puts under irrigation 2,292,900 acres of land, not hitherto irrigated, in the area extending from Fort Peck to southeastern South Dakota (called in this
report the Fort Peck to Sioux City subdivision), that is, almost half
of the total area of 4,760,400 new acres proposed for irrigation in the
entire Missouri Basin.
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Because this northeasterly portion of the Missouri Basin, particularly in the Dakotas, where the major expansion lies, now has only a
few thousand acres under irrigation, justification of this huge extenssion into a new frontier in American irrigation history calls for special
attention. This expansion is a movement of' iITigation toward the
east and north from most of the present areas of development. It
puts water on large areas of the dark br6wn soils of the Northern
Plains, soils which are well provided with nitrogen and organic
matter, and hence are unusually well adapted to standing up under
the intensive agriculture of an irrigation culture. Any doubts as to
the wisdom of northward expansion of irrigated agriculture dissolve
when one considers the agricultural development of the prairie
provinces of Canada, and the advances which have already been
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made, and which continue to be made, in breeding crop plants adapted
to shorter growing seasons.
Some may be inclined to doubt the wisdom of this huge expansion
because years of abundant rainfall occasionally occur. The frequency
with which years occur when grain yields are less than 600 pounds
per acre offers positive testimony as to the need for supplementary
water (see table on page 100 headed "Years between 1883 and 1942 in
which North Dakota grain fields yielded less than 600 pounds of grain
per harvested acre"). The farmers and ranchers who live on the land
in this subdivision, and even mere acutely, those who once lived there
but have been forced to leave because of drought, know what it is to
have to live on a Federal dole. The experiences of the last two
decades have convinced them that every possible means must be
adopted to achieve greater agricultural security in this area which
is so subject to wide variations in production.
98676-44-8
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. The relief situation in Ward County, N. Dak., •in the fiscal year
July 1, 1938, to June 30, 1939, has been selected as a conservative
type situation which occurs frequently in such subhumid to semiarid
areas. The crop season of 1938, which provided the agricultural
income to support the- people of the county and to pay their taxes,
was an unfavorable one, with low crop yields. Lower yields were
obtained in 1934 and 1938.
Ward County, N. Dak., relief situation in 1938-39 compared with
gross farm income.-Ward County, N. Dak., is a typical Northern
Great Plains county. A considerable proportion of the proposed
Missouri-Souris irrigation unit extends over the northeastern part of
this county. This county was used· as the experimental county in
the land-use planning program conducted by the extension service
of the North Dakota Agricultural College in cooperation with other
State and Federal agencies, hence there is available an unusual fund
of information about it. The following data on the relief situation
in the county in the fiscal year 1938-39 was furnished for the mimeographed publication Preliminary Report of Land Use Planning in
Ward County in 1939 by the agencies indicated below._
Expenditures for relief and charity, Ward County, N. Dak., July 1, 1998, to June
30, 1939
[Data from county auditor's office, county welfare office, and Farm Security Administration county office]
From county
funds

Type of aid

F.rom State
and Federal
funds

Aid to dependent children_______________________________________________$9,100.84 }
$ ,
.
91 155 27
Old-age assistance _______________________________________________
-------_
20,809.89
General relieL ____________________
--_- -_-_____-_-___-_---- ------ ----- --- 43, 246.84 --------- _______
Emergency relieL _____________________________
------ --- ___-- -- --- --- --15,585.79 ---- -- _________
_
Care of feeble-minded _________________________________________
-- -- ---- ___
13,223.00 _______________
_
Care of insane and insanity board __________________________
-____________
25, 728.60 _-__-------- ____
Care of-tuberculosis patients _______
---- _____-___-_____-__--------- -- -- -- 8, 897.'46 ____--- --------Poor farm ___________________________________________________
--- - . _______
8, 520.86 _______________
_
Work Projects Administration _____
----- __-_---- -- __-___. ___---- ---- --- __ --_-_-- ______-__
527,645.00
National Youth Administration __-- ____-------- -- _-___-- _______----- ---- --_-_-_-- -__---20,357.00
Civilian Conservation Corps _________
-- _--_--- _____________
- --- -- -- __-- __ --- ________
---24,455.00
Farm Security Administration (grants only)_ ____________________________
---------------121,789.00
Surplus Commodities __________________________
-- -___-- ____------------___-- -______--- 127,995.00
TotaL____ ___________
_____________________________________________

145,113.28

1,009, 602.15

Alongside this relief information, consider the following crop production and gross farm value of crops produced in 1938, a year in which
Ward County farmers abandoned about 10 percent of their seeded
acreage because of crop failures.
•
Yields, crop production, and gross value of Ward County, N. Dak., crops in 1938, at
weighted average farm prices for the State for the year
Yield
bushefs
per acre
All spring wheat____________________________________________________ 5. 9
Oats________________________________________________________________
19.9

Production
(bushels)
1, 962,000
876,000

1g:: ~i~:
~

R;.r~ey
_==
=====
===
==
========
=========
======
==================.
=--====
Flax seed
_________
·------------------------------------------------2. 7
11,000
Potatoes____________________________________________________________
52.o
104,000
Corn ______________________________________________________
·_________
17.O
527,000
1 1. O
Tame hay_· ________________________________________________________
t 29,000
Total ________________________________
---- --------------------- - ---- ------- ----------- 1

Ton per acre.

t

Tons.

Value
$1,039,860
130,160
85,800

• 76,750
16,720
42,640
200,260

85,100
1,677,290
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The grand total of such charity and relief expenditures was
It may be granted that all of the county funds
expended, which amount to 12.5 percent of the total, are normal
charges against society-they are included herewith for the sake of
completeness, although the State and Federal funds expended
largely Federal amount to 87 .5 percent of the total.
Compare, now, this relief load of more than $1,000,000 with the
agricultural income from Ward County for the year 1938. The average weighted price of wheat in Ward County in the crop season,
July 1, 1938, to June 30, 1939, was 53 cents a bushel-the 1938 production was 1,962,000 bushels on 355,000 acres. If all of this wheat
had been sold, it would not have paid the total relief load of $1,154,715.43. It would have been necessary, in addition, to sell all the barley, all of the flax, and over a third of the potatoes to make up the
total cost of the relief load. There were 33,597 people in Ward
County in 1930, and 31,981 in 1940. It will be fair to assume that
there were 32,200 in 1938. Could Ward County have fed its own in
1938 on a total crop income of $1,677,290? Hardly; that would
have been only about $52 per person. Not all of these crops could
have been sold; much must have been saved for.seed or for livestock
feed. . There were, of course, livestock sales, but the livestock ate
mucb of the crops included in these calculations. Their only other
source of feed was pasture. The livestock population of Ward
County on January 1, 1939, consisted of 11,500 head of horses and
colts, 10,000 sheep and lambs, 6,500 hogs, 16,500 cows a11d heifers,
2 years old and older, kept for milk, and 35,000 head of all cattle.
Sales of livestock and livestock products, and of poultry and poultry
products from Ward County for 1938 were conservatively estimated
at not more than $1,000,000 for the year 1938-39. This would make
a total livestock and crop income of $2,677,220 (the census figure for
1939, when both yields and all prices were much higher, was $3,256,317). A total sum of $2,677,220 would provide a per capita gross
income for 32,200 people of about $83. How did the people of Ward
County live between July 1, 1938, and June 30, 1939? The answer is
obvious. They lived upon three sources of income, a low farm
income, their financial reserves and credit, and relief.
Ward County has not been selected for this illustration because it
is any worse than many of the other counties in the plains areas of the
Dakotas: It was selected because more detailed data were available.
That Ward County has splendid productive capacity when there is
sufficient rainfall is evident from the following comparison of 1941 and
1938 yields (harvested acres):
$1,154,715.43.

Comparison of crop yields in Ward County, N. Dak., in wet and dry years
1941(abundant rain)

1938 Oittle rain)

All spring wheat_ ____________________________
20.7 bushels per acre _________5.9 bushels per acre.
Oats,--------- -- -_______
--- ----------------- - 39.6 bushels per acre_________19.9 bushels per acre.
Barley ___- ---------------------------------27.6 bushels per acre _________16.5 bushels per acre.
Rye _________________________________________
13.4bushels per acre _________9.6 bushels per acre.
Flaxseed _____
--- -___________
-_------------- _- 6.0 bushels per acre__________2.7 bushels per acre.
Tame hay ___________________________________
1.55 tons per acre ____________1.05 tons per a.ere.
Corn - --- ------- -________
--_-- --------------- 25 bushels per acre_ _________ 17 bushels per acre.
Potatoes _____________________________________
92 bushels per a.ere__________52 bushels per acre.
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Variability in small grain yields.-The intensity and erratic character of the variability in crop yields in much of the Fort Peck to Sioux
City subdivision of the Missouri Basin is shown by an examination of
N ortb Dakota's State-wide crop yields over the period 1930-42. The
yields reported are upon a harvested-acreage basis. When, however,
one examines the productive capacity of a subhumid or semiarid region
where in addition to harvested acres there are usually acres not harvested, either because the crop failed or because the land was in summer fallow in preparation for .alternate cropping, the total sum of all
three classes of acreages should be the number by which the total production is divided-particularly
if a true comparison is to be made
with productivity of either annually cropped irrigated land or of land
in humid areas of abundant, well-distributed rainfall, where summer
fallow is not practiced and crop failure is almost unknown. Unfortunately, accurate statistical information on acres of summer fallow are
not available, but statistics are available on the percentage of seeded
acres annually abandoned. In the table which follows, the data are
limited to wheat.
Wheat production in North Dakota (comparing the decade 1930-39 with the years
1940-42, showing variability in yields and crop failure)
Yields (bushels per
acre)

Seeded

Years

Harvested

Acres

Failure

Acres

Average, 1930-39______________ 10,022,000
8,440,000
1940__________- - - - - - . - - - - - -- -- 1941_____-- ___-- _____-- _____-- _
8,353,000
1942___________________________ 7,478,000

7,392,300
8,025,000
8,155,000
7,321,000

Percent
failure

Acres

26.2
3.8
2.4
2.1

2,629,700
319,000
198,000
157,000

Harvested

Seeded

Acres

Acre.!

8. 50
11. 7
17.8
20.5

6.27
11.3
17. 3
20.0

The record with respect to other small grains during the respective
periods was of the same order.
During the 60-year period from 1883 to 1942 inclusive, North Dakota wheat yields were below 10 bushels per harvested acre 19 times;
oats yields were below 18¼ bushels per harvested acre 12 times; barley
yields were below 127~bushels per harvested acre 8 times; and rye
yields were below 10 bushels per harvested acre 15 times. Each of
these yields equals 6Q0 pounds of grain per acre. The distribution of
these years, showing their clustering in the 1920's and 1930's, are
indicated below:
Years between 1883 and 1942 in which North Dakota grain fields yielded less than
600 pounds of grain per harvested acre
Wheat
1889

Oats
1889

IBarley
--------

Wheat

Oats

1889
1890
1893
1894
1900

1921
1923
1926
1929
1931
1933
193i

1921

Barley

--

--------

Rye

---

1923
1926
-------1929
-------1931
1931
1933
1933
1910
1910
1910
1934
1934
··--------- -------- ------(rust)
-------- --------------- -------- ·------ 1935
1936
1936
1936
1937
1917
1917
---------------- -----1938
1919
1919
1919
-------- -------------1939
---------- -------- ------- -----------------------------

---------- ---------- ----------------- ---------- ----------------- ----------------1900
1900
1900
1910
1911
1916
(rust)
1917
1919
1920

Rye

--

-------- --------

1926
1929
1931
1933
1934
-------1936
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Wheat yields of 20 bushels per acre or more have occurred five times
in North Dakota's history in 1879, 1882, 1883, and 1895, and they
did not occur again until 1942. Yields of wheat have been below
15 bushels per acre in 45 out of 65 years.
History of production in Missouri-Souris unit area..-The
area
covered by the Missouri-Souris unit is located in northwest North
Dakota, and extends over parts of several counties. The crop record
of six of these counties is representative of the production record in
·PERCENT
SEEDEDACRESOF WHEAT NOT HARVESTED
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that entire part of the State, hence, the discussion which follows is
based upon six northwestern North Da.kota counties, namely Bottineau, Renville, Ward, Burke, Divide, and Williams. The average
yields per harvested acre of staple crops during the period 1911-42
for these six counties, were 10.2 bushels of wheat, 21.3 bushels of oats:
16.8 bushels of barley, 11.4 bushels of rye, 5.8 bushels of flaxseed and
71.8 bushels of potatoes. Yields above approximately these am~unts
may be expected with the frequencies indicated below, assuming tha.t
history will repeat itself.
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Approximate average yi~lds and probable frequency of yields above these averages
six northwestern North Dakota counties
Approximate average yields

in

Frequency or crop yields
above approximate average yields

Wheat _______________________________________
10 bushels per acre __________44 years out
Oats __________________
·---------------------20 bushels per acre __________50 years out
Barley ___________________
-- - ---- -- --- --- ----- 12~2bushels per acre _______. 62 years out
.Rye_________________________________________
10 bushels per acre __________57 years out
Flaxseed _____________________________________
6 bushels per acre ___________50 years out
Potatoes _____
- -- ---- ---- -- -- -- --- ------------ 75 bushels per acre_________ 46 years out

or 100years.
of 100years.
of 100years .
or 100years.
of 100years.
or 100years.

During the 10-year period from 1932 to 1941, inclusive, these six
counties abandoned without harvest, because of crop failure, an
annual average of 31.4 percent of the seeded acreages of all crops or,
expressed more simply, out of every 160 acres seeded, the reaper failed
to garner anything from 50 acres.
Effect of drought on livestock population of six northwestern North
Dakota counties.-Between January 1, 1934, and January 1, 1935,
4 7 .2 per~ent of all the cattle and 35.2 percent of all the sheep and
lambs in these six northwestern North· Dakota counties were sold
because they were threatened with starvation as a result of the
drought of 1934. The Federal Government bought this livestock,
some of which was already in such poor condition that it had to be
killed and destroyed.
Effect of a succession of drought years upon the human population of
lands in civil townships in most of Missouri-Souris unit. 1- During the
decade 1920-30, the human population in the civil townships (including cities and villages) lost 101 people, a decrease of 0.39 percent.
In the next decade, 1930-40, this same area lost 5,346 people, or
20.66 percent of its 1930 population. The rural farm population
decreased 3.6 percent in the 1920-30 decade, and 28.73 percent in the
1930-40 decade.
Effect of drought on population changes in certain James River valley
counties of North and South Dakota.-Portions of 5 North Dakota
counties and 8 South Dakota counties lie within the proposed New
Rockford, Jamestown, Oakes, and Oa.he units proposed for irrigation
within the Fort Peck to Sioux City subdivision of the Missouri Basin.
In the table on page 103, there is shown the effect of the successive
drought years upon the decline in rural population in these counties,
in the period from 1930 to 1940, as reflected by the censuses of the
respective years. The rural population of these 13 counties showed a
loss of 15 percent in the decade, or 193,319 people. In contrast to
this loss of 15 percent, the rural population of the Nation increased
6.6 percent during the decade.
Some general economic facts about the Fort Peck to Sioux City subdivision.-The Fort Peck to Sioux City subdivision, 73,800 square
miles in extent, represents 2.4 percent of the land area of the Uni~ed
States. The subdivision contains 47,230,000 acres of land, of which
less than one-tenth of 1 percent is now irrigated (only 29,0~0 acres), •
44 percent of the land is tillable nonirrigated _la~d available for
cropping, 33 percent is grazing land outside of d1str1cts, 1.9 percent
1 Some slight modifications or the boundaries of this area as shown on map 1-a, p.19, have been made since
these data were obtained, but these changes do not alter the trends shown.
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is in Taylor grazing districts, 6.2 percent in Indian reservations,
four-tenths of 1 percent in other reservations, one-tenth of 1 percent
in unreserved public domain, and 14.3 percent is miscellaneous land.
In 1940, only four-tenths of 1 percent of all of the people of the United
States, and eighty-five-one hundredths of 1 percent of all of the rural
farm people of the United States lived in this subdivision. A little
more than half (50.8 percent) of the people of the sub-basin lived on
farms, 30.5 percent in nonfarm communities of less than 2,500 people,
and 18.7 percent in cities of 2,500 or more people. Williston, Minot,
Bismarck; and Jamestown, in North Dakota, and Aberdeen, Huron,
and Pierre, in South Dakota, are the larger cities.
J
Rural population changes in five North 'Dakota counties and eight South Dakota
counties in the James River Valley
Decrease Decrease
in num- in percent
ber
North Dakota:
Eddy ______________
. ______
605
Foster ____________________ 529
Stutsman 1_______________
3,208
Dickey ___________________ 1.181
Sargent ___________________ 605
South Dakota:
Brown 1___________________
2,332
Edmunds ________________
898

9. 5
8.3
17.9
10.9
6.5

15.6
10. 3

Decrease Decrease
innumin perber
cent
South Dakota-Continued.
Faulk ____________________
Spink 1___________________
Hand _____________________
Beadle ____________________
Sanborn __________________
Jerauld. ____. ________. ____

1.727
113

2,319
3,166
1,572
1,064

Total decreases _________ 19,319

25.0
.9
24.f
26.4
21. 5
18.3
15.0

1 Spink and Brown counties are the only South Dakota counties in this group having cities of 2,500 or
over in 1930,i.e., urban population.
By 1949Redfield, Spink's only urban city, had lost 236 people, and
in the same period, Aberdeen, Brown County's urban city, had gained 550 people. By 1940, Jamestown,
Stutsman County's urban city, had gained 603 people.

The subdivision had 1,138,667 head of cattle on April 1, 1940,
representing 1.876 percent of all of the cattle of the United States;
892,492 -sheep, representing 2.223 percent of all of the sheep of the
United States; 307,485 horses, representing 3.048 percent of all of the
horses of the United States, and 222,747 hogs, representing 0.654
percent of all of the hogs of the United States. The cattle population
was equivalent to 4.1 head of cattle per capita of rural farm population;
the sheep population to 3.3 sheep per capita of rural farm population;
the horse population to 1.1 horses per capita of rural farm population
and the hog population to 0.8 of a hog per capita of rural farm
population.
The subdivision transacted seventeen one-hundredths of 1 percent of the Nation's wholesale business (sales) in 1939, and threetenths of 1 percent of the Nation's retail business in the same year.
The facts which have been set forth in this report have emphasized
the variability in crop yields, and hence the extreme variability in
purchasing power of the farm population. The value of livestock,
livestock products, and crops, sold or traded, and used in farm households, in 1939, in this subdivision amounted to $84,999,904, or to
1.075 percent of the value of all such, sold, traded, or used in farm
households in the United States. The :value of livestock and livestock
products sold and used exceeded the value of crops sold.
The principal source of income other than agriculture in this subdivision is the mining of lignite coal, particularly in the more northerly
and westerly North Dakota counties in the subdivision.
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Basin-. Fort. Pe~k to Sioux City, including counties affected
by diversion of Missouri River water.-The counties included in the
subdivision, Fort Peck to Sioux City, are listed below. All statistics
with respect to this subdivision are based upon a summation of the
census records of these counties, and portions of counties.
Counties and portions of counties in subdivision Fort Peck to
Sioux City:
Montana:
Daniels
Garfield
McCone
Roosevelt
Sheridan
Two-fifths of Valley (excluding
Glasgow)
North Dakota:
Benson
Bottineau
Burke
Burleigh
Dickey
Divide
Eddy
Emmons
Foster
Kidder
Lamoure
Logan
McHenry
McIntosh
One-third of McKenzie
McLean
Mountrail
Two-thirds of Oliver
Pierce
Ramsev
Renville
GENERAL

North Dakota-Continued.
Sheridan
Stutsman
Ward
Wells
Williams
South Dakota:
One-half of Armstrong
Aurora
Beadle
Brown
Brule
Buffalo
Campbell
Charles Mix
Davison
Douglas
Faulk
Gregory
Hand
Hughes
Hyde
Jerauld
Lyman
McPherson
Potter
Sanborn
Spink
Walworth
DESCRIPTION

Physical characteristics.-For descriptive purposes, this portion of
the Missouri River Basin is divided into three parts: First, the Missouri Bottomlands adjacent to the main stream throughout its course,
second, the vast body of land on the divide between the Missouri
River and the James River, the Red River of the North, and the
Souris River, and, third, the tributa.ry James River Valley in North
and South Dakota.
The first area comprises lands susceptible of irrigation by pumping
from the main stream. It is a series of isolated tracts varying from
1,000 acres to as much as 15,000 acres in area., each of which is a compact body, separated from others by precipitous bluffs abutting on
the river, o:r by other topographic features which make a long, continuous body of irrigated land an impractical unit. The river winds
through this series of bottomlands in long sweeping, sinuous curves,
the channel of the stream being about twice the length of the valley
floor. The valley averages from one to three miles m width, between
the high bluffs marking the edges of the adjoining plateaus. Some
of the bottomland is covered with dense growths of brush and cottonwood trees. If these areas were cleared, a much larger acreage would

'
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be susceptible of development, but the expense of clearing them is so
great that such areas have been eliminated from consideration.
Through South Dakota, where larg~r res~rvoirs are proposed, mu~h
of the sparsely settled bottomland will be inundated by the reservoir,
but soil tests have indicated that the bottom soils in the areas to be
inundated are the least favorable in the entire basin for irrigation
development. The only large communities close to. the river are
Bismarck, the capital of North Dakota, and Pierre, the capital of
South Dakota, which will be unaffected.

PRESENT LAND USE
- ON THE
NEW IRRIGATION

FRONTIER

("FORT PECK TO SIOUX CITY"
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TILLABLE
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The second distinctive area includes all of the glaciated plateau on
the broad divide between the Missouri River and streams to the east.
The exact divide is not distinct, but the highest ridge thereon parallels
the river at a distance from 50 to 60 miles, throughout its length.
The glaciated plateau is almost 600 miles in length, and varies in
width from 40 to 80 miles. Its surface is, as in all glaciated areas,
rolling, and has ma.ny circular depressions varying from a few acres to
several thousand acres in extent, which have no surface outlets.
During periods of rainfall above normal, these depressions become
partially filled with water, and there are times when thousands of
these small lakes exist on the plateau. In drought periods, the lakes

,,
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disappear, probably due to a general 'lowering of the ground-water
table. During the past 50 or 60 years, the lakes have been dry as
much of the time as they have been partly filled. The central backbone of the region is at an elevation around 2,000 feet, and is so broad
that a diversion of water from the river across the divide involves
either so long a tunnel, or such a high pump lift, as to incur costs
beyond the commensurate value of such a plan.
The third distinct division is represented by the valley of the James
River, which rises in the glaciated plateau near the center of North
Dakota, extends eastward about 40 miles, and then runs almost due
south a distance of 400 miles to its confluence with the Missouri River,
below Yankton, S. Dak. Between Jamestown and the mouth of the
river, the average fall of the valley of the James River is only 0.5 of
a foot per mile, while the stream meandering through the broad valley,
has a fall of only 0.25 of a foot to the mile. The basin is wide, varying
from 2 to as much as 50 miles, with long gentle slopes from the river
east or west to the watershed boundaries. Much of the grain-growing
area of North.and South Dakota is within this valley.
Streams within the plateau of the James River area experience
erratic run-off; and their annual flows are insignificant when compared
with the flow of the Missouri River. In dry periods, the streams and
lakes almost disappear. All of the municipalities east of the Missouri
have experienced great difficulty in obtaining suitable and sufficient
domestic water supplies when rainfall is below normal.
Land use.-Major land-use types in this portion of the Missouri
River Basin are:
Type of land use:
Irrigated _______________________________________________ _
Tillable dry land area _____ _______________________________ _
Private grazing lands _________________________________ ..____
Taylor grazing districts ___________________________________ _
Unreserved public domain ________________________________ _
Indian reservations ______________________________________ _
Other reservations _________________________.________ -~ _____ _
Miscellaneous areas ______________________________________ _
Total area _____________________________________________

Area-acrea

29,500
20,800,000
15,600,000
900,000
50,000
2,900,000
200,000
6,752,500
47,232,000

Until 1936, only 10,600 acres were irrigated in this entire basin.
Since that time, additional projects have been constructed to bring
-the total irrigated area to 29,500. Intensive agriculture in the basin
has therefore been insignificant. Dry farming, however, is the major·
agricultural pursuit, being practiced on 44 percent of the area, a much
larger percentage being devoted to this type of agriculture in this basin
than in any other of the subbasins heretofore described. Crop yields
are low and erratic, but the aggregate volume is large, and becomes a
significant part of total production of small grains in the United States.
Although the area of grazing land is also large, this sub basin is characterized by smaller herds of stock than are other portions of the Missouri
River Basin. There are no forest reserves, and only 50,000 acres of
unreserved Public Domain remain in the area. Indian Reservations,
however, contain approximately 3,000,000 acr~s. .
.
Ground-water resources.-Along the Missouri R!ver, domest!c water
supplies are. easily obtained by shBllow wells, driven 01: dug mto the
alluvium of the valley fill. In the plateau area, suflic~ent water for
domestic purposes can usually be obta.ine::l, but seldom m large quan-
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tities, by drilling wells from 100 to 200 feet deep. Usually, the glacial
till is so deep that aquifers are at great depth. A few artesia.n wells
can be obtained by drilling from 1,500 to 3,000 feet.
In the James River Valley domestic water can usually be obtained
in quite shallow wells, but never in large quantities. In general, while
ground-water supplies are accessible throughout the basin, the volume
of water thus obtained is inadequate for other than farm needs. There
are in a few small localities terminal moraines left by glacial action,
in whicb rather copious well-water supplies have been obtBined, but
the total area where such possibilities exist is very small.
Surface-water resources.-The average annual discharge of the Missouri River at various points throughout the pa-sin during the period
1931 to 1940 has been as follows:
Acre-feet

I

Acre-/eet

At Fort Peck____________
4, 989, 000 Mobridge_ _ _ _ ______ _____ 12, 520, 000
Williston ________________ 11,830,000 Pierre ___________________ 14,120,000
Bismarck ________________ 12,290,000 Yankton ________________ 14,619,000

No other streams in the basin discha.rge significant quantities of
water, although their watershed areas are large. The James River,
for instance, has a watershed area of 22,100 square miles. Studies of
its run-off show that, if properly conserved and regulated, its volume
is only sufficient to irrigate about 7,000 acres of land. The waters of
the Missouri are the only reliable source of water for irrigation
development ..
Quality of water.-Missouri River waters are potable throughout its
length~ Being a heavy silt carrier, clarification is always necessary.
The total sa.lt content is usually low, the waters are, therefore, excellent for irrigation purposes. Water of streams in the plateau and the
James River Valley frequently have a high sodium salt content, but
when mingled with·storage water or water imported from the Missouri
River, their quality will be entirely satisfactory for irrigation development, or for municipal use when treated properly.
The Fort Peck Reservoir removes from the river silt originating
above that point, but the main stream never has carried more than
15 percent of the total silt in the river at Williston, the larger portion
coming from the Yellowstone River. Proposed storage reservoirs in
the Yellowstone Basin will effectively de-silt the principal streams
contributing to the Yellowstone's turbid condition, but the resultant
effect at the confluence of the Yellowstone and the Missouri River is
problematical. The river will continue to accumulate silt from
Williston to the backwaters of the reservoirs proposed on the main
stream. After the developments proposed herein have been built,
the Missouri River will probably have clear water from Bismarck to
within a few miles of Yankton.
Climate. -Like the remainder of the basin, this sub-basin has its
characteristic rigorous climate. Growing seasons are short, with a
large proportion of sunny days and cool nights. Approximately 70
percent of the annual precipitation falls during the growing season.
Sno'\\' falling in winter is quickly blown into drifts on the lee-sides of .
ridges, shelter belts, or highways, and the fields are bare during the
larger portion of the winter months. Occasional summer rainstorms_
are intense, causing high local run-off. Winters are usually severe,
with sustained periods of 30 days or more in which the temperature
is well below zero. Annual rainfall varies from 14 inches in the
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extreme northeast corner to 26 inches in the southeast corner increasing southerly and eastwardly in the basin. Records at r~presentative stations are summarized in the following table:
Climatalogical data-Summary
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Soils.-From Fort Peck to Bismarck, bottomlands can generally be
classed as sandy loams of considerable depth,. with few distinct lines
of demarcation between the topsoil and the subsoil. These are all
soils which have been built up by annual overflows from the river.
Occasionally, where outwash has occurred from the shale hills flanking the river valley, heavy clay soils overlie the river soil. Except
in such areas, bottom soils are remarkably low in salt content, ·and
are well adapted to such di versified crops as are suited to irrigation
under local climatic conditions. On the plateau, the soils are dark
brown in color and generally quite shallow, but high in fertility.
The subsoils are lighter in color and heavier than the topsoils. ·They
have good natural drainage characteristics, but surface drainage is
quite often poorly defined. James River Valley soils are fine sandy
loams of much greater depth than those on the plateau, a little darker
in color, and equally well drained. Because of the low gradient of
the valley, surface drainage is usually poor.
Markets and transportation.-The transcontinental Great Northern,
Northern Pacific, and Milwaukee Railroads cross the basin from east
to west. There are numerous branches of not only these roads but
also of the Soo and the Chicago & North Wes tern Railroads. Except
in the extreme northwest, the area is very well served with railroad
transportation in an east and west direction. North and south
transportation facilities are limited. Paved highways cross the area
east and west, but l}Ot in a north and south direction. N earlY: all
parts of the basin are within a reasonable distance of gra~eled higp.ways. Practically all produce is shipped eastward to. Mmn~apohs,
St. Paul, and Chicago. A small part goes south to Sioux City and
Omaha.
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Population and industries.-The total population of this part of the
Missouri River Basin, in 1940, was 526,750, of which only 98,700 was
urban. On November 1, 1943, the Bureau of Census estimated that
the civilian population had decreased to 437,900. As the basin is
predominantly an agricultural community, there are no large cities.
Sioux City, at the extreme southeast corner, is the largest, with a
population ·of 82,364 in 1940. It is a railroad and packing house
center. The population of other principal towns in 1940 was as
follows:
Williston __.__________________
5, 790
Minot ______________________
16,577
Devils Lake_________________
6,204
Fargo _____ .:._________________ 32, 580
Jamestown_ _ _ __ _ _ __ _ _ __ _ _ __ _ 8, 790
Grand Forks _________________ 20,228
Mandan _____________________
6,685

Bismarck ____________________
Aberdeen ____________________
Pierre_______________________
Chamberlain_________________
Huron_ _ _ _ _ _ _ _ _ __ __ _ _ __ _ _ _ _ _
Mitchell_ ____________________
Yankton ____________________

15,496
17,015
4,322
1, 626
10, 843
10,633
6,798

Farming and livestock raising are the only industries of consequence
in the basin, employing in 1940, about 51 percent of the total population. The value of crops and livestock sold or used in 1939 was
$84,030,200. Wholesale trade amounted to $93,800,000, and retail
trade was $126,100,000. Industries other than those related to
agriculture include railroad shops, and a few brick factories and woodworking shops. Processing of crops and livestock is carried on at the
larger urban centers in the basin.
Minerals.-There are no ore mines in the basin. The total value
of coal, oil, and natural gas produced in 1940 was only $1,400,000. A
few large bodies of sulphates used in paper manufacture are found in
the northwest portion, but they have not been utilized commercially.
Recreational features.-Devils Lake, in North Dakota, was at one
time a well-known recreational area. In 1860, the lake covered an
area of more than 50,000 acres. The city of Devils Lake was built up
as a tourist center. As the surrounding area was plowed up and
planted to crops, surface water running into Devils Lake decreased.
There has been an almost continuous decline in the lake surface from
1860 to 1942, at which time the area covered by water in the lake had
shrunk to less than a thousand acres. The recreational value of the
lake has been completely destroyed. Its restoration is one of the
principal purposes sought in diverting Missouri River water across the
divide to the eastern slope.
In the more thickly populated southeastern portion of the area,
many artificial lakes have been constructed adjacent to urban centers,
for recreational purposes. Aside from these, there are probably fewer
recreational opportunities in the basin than in any equal area in the
United States. The Missouri River could be made attractive for
recreational purposes when properly controlled and regulated, but its
rampant, turbulent, muddy water, under present condition.s, repels
rather than attracts tourists.
•
Fish and wildlif e.-The proposed diversion of Missouri River waters
into Medicine Lake Reservoir, and the subsequent diversion of these
waters into the 1'lissouri-Souris unit, will necessitate certain serious
changes in the present use of wildlife refuges within the basin. The
plans proposed for the more extensive use of waters for irrigation and
other purposes, had, because of the long period of investigation required, not reached their present stage until a considerable number of
wildlife refuges had been established in the basin. The proposed
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plans contemplate providing for reimbursing the Fish and Wildlife
Service for the cost of works adversely affected, and for the utmost
cooperation with that Service in promoting the development of alternative plans which will provide waters for the use of wildlife. The
restoration of Smoky Lake, Devils Lake, and Stump Lake will provide
a chain of bodies of water, which in the earlier history of this part of
the basin afforded a splendid environment for waterfowl, but because
of long periods of drought have been virtually abandoned. The
development of reservoirs on the Sheyenne River in North Dakota.will
have a similar effect. The introduction of lake types of fish in the
series of larger reservoirs and stabilized natural lakes can develop
another wildlife resource for the area. The smaller bodies of water,
such as those on the Sheyenne and James Rivers, will furnish fishing for many who cannot afford to travel long distances for a day's
recreation.
The upland game fowl which are one of the principal wildlife assets
of the entire Fort Peck to Sioux City subdivision, especially in the
James River Valley, will be favorably affected by any program which
improves agriculture because they depend very largely upon manmade cover, and upon feed produced incident to farming operations.
It is unlikely that the creation and operation of the several conservancy works within the area will operate to decrease the population of fur-bearing animals, indeed the opposite condition is likely
to prevail.
PRESENT DEVELOPMENT

Agricultural occupation of the Missouri Basin in the Dakotas began
with the coming of settlers to the Sioux Falls area in southeastern
South Dakota, in 1856. Settlers spread westward from that area,
and occupied the Missouri Basin in South Dakota between 1860 and
the territorial days in 1889. By 1873 the Northern Pacific Railway
had reached Bismarck, N. Dak., and by 1881 the Great Northern
Railway had reached. Minot, thus opening up to rapid settlement the
northern part of the Missouri River Basin. A vast gridiron of feeder
or branch lines added further impetus to the rapid occupation of the
area.
· Popul.ation had reached its peak by 1920, and has been decreasing
since that time. For a decade or so, during the period in which rainfall was slightly above normal, after the virgin soil had been plowed
and planted, bumper crops of grain were raised. As droughts recurred,
crop failures became frequent, and for the past 30 years agriculture
in the area, except in the extreme southeast, where rainfall is more
dependable, has been highly precarious. During this time, inhabitants have learned that the original conception of homesteads on
160-acre tracts was not a practical idea in the area. The size of farms
has gradually been increasing, until today the average is over 500
acres per farm. Scant rainfall does not permit much di~ersific~t~on
of crops. Wheat is by far the most important crop raised, g1vmg
wa.y to corn in the southeast portion.
Although John Wesley Powell, Director of -the Geological Suryey,
. warned the people of the region, as early as 1~80, th~t. sus~ame_d
successful agriculture could not be carried on without rrrigat10~, it
has been only within the last decade that the inhab_itants have realized
that stabilized agriculture will be possible only 1f the water of the
Missouri River can be diverted for use in irrigation.
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Other sections of this report describe the economics of agriculture
of this region, and the findings there stated need not be repeated here.
A study of past history of production in the area has shown conclusively the advantages of irrigation. For that reason, it was concluded
that no comprehensive plan for the development of the water resources
of the Missouri River Basin would be complete if it did not provide
for the maximum use of Missouri River water within the basin. The
area that can be developed by irrigation is limited only by the quantity of water that can be spared from the .Missouri River, without
undue interference with the needs of the inhabitants of the lower
portion of the river basin. Once water has been pumped to the
divide between the Missouri River Basin and the eastern slope, .the
acreage that it could then serve is larger than the entire flow of the
river would be capable of serving.
During the past few years, an area of 29,000 acres has been irrigated
in the northwestern part of the area, in Montana. The Office of
Indian Affairs constructed a pumping plant a few miles below the
mouth of the Milk River, and for a few years has irrigated some
2,600 acres of land on the main river bottoms, in Fort Peck Indian •
Reservation. In 1940 and 1941, the Bureau of Reclamation constructed the Buford-Trenton project in North Dakota, near the mouth
of the Yellowstone River. It is a project of 14,400 acres, and was
turned over to the Farrri Security Administration for operation and
maintenance late in 1943. It is across the river and upstream a few
miles from Williston. The North Dakota Water Conservation Commission has constructed the Lewis and Clark Project of 6,400 acres,
and the area has been irrigated for the past 2 years. This project has
also been turned over to the Farm Security Administration for operation and maintenance.
PLAN OF FUTURE DEVELOPMENT

Interest in irrigation development along the Missouri River has
varied as rainfall and wheat prices have fluctuated. The collapse of
wheat prices subsequent to World War I, and an accelerated deficiency
in rainfall, created hazardous conditions for dry-land farming. The
combination of low prices and deficient rainfall culminated in an
area-wide catastrophe in 1934, and again in 1936, when crops were a
complete failure and livestock had to be sold at ruinous prices. During these years, the Fort Peck Reservoir was under construction, and
the attention of the residents of the States of Montana, North Dakota.,
and South Dakota was focused· on the need of irrigation. Studies
were then made by the Bureau of Reclamation, to outline all possible
irrigation developments, their costs, and the role they would play
in stabilizing the general agriculture of the area.
The Missouri-Souris unit.-The proposed Missouri-Souris unit is to
utilize, for irrigation, water of the Missouri River stored in and regulated by the Fort Peck Reservoir. The project is divided into three
divisions with irrigable acreages, as follows: (1) Northern division,
1,275,100 acres; (2) Missouri River pumping division, 68,900 acres;
(3) Glasgow Bench division, 59,400; total 1,403,400 acres.
Northern division: The diversion dam for the Northern division is
to be on the Missouri River, 4 miles downstream from tb.e mouth of
the Milk River. It will be the means for diverting 6,200 second-feet
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of water from the Missouri River into the Missouri Canal which will
supply water for the entire Northern division. The Mis~ouri Canal
will be operated throughout the year, at capacities of 6,200 secondfeet from March 1, to October 31, and 3,100 second-feet during the
remaining winter months. Only 99,600 acres are to be served directly
from the canal, of which 47,900 acres are below the canal and 51 700
acres are in pumping units above the canal. Water remaining in' the
canal will be delivered to Medicine Lake Reservoir, 112 miles below
the diversion dam.
.
The Medicine Lake Reservoir will be formed by the construction of
a dam on Big Muddy Creek for re-regulating the out-flow of water
delivered to it by the Missouri Canal, and for utilizing the flows of
Big Muddy Creek. During the irrigation season, more water will
be pumped from the reservoir into the Souris Canal than will be
supplied to the reservoir by the Missouri Canal, the difference being
made up by using 1,614,000 acre-feet of live storage capacity in the
reservoir. Its gross capacity will be 5,200,000 acre-feet. A drawdown of 1,700,000 acre-feet would lower the water surface 12½ feet.. The Big Muddy Creek Dam, which will form the Medicine Lake
Reservoir, will be 10 miles northwest of Culbertson, Mont., and 5 miles
above the mouth of Big Muddy Creek. The dam will be 86 feet
high above stream bed, and will have a crest-length of 7,535 feet.
The Medicine Lake South Unit will consist of 24,700 acres of
irrigated land lying in irregular shape south of the present" Medicine
Lake, and will be served by a pumping plant near the west end of
Medicine Lake Reservoir, with a lift of 87 feet. The Medicine Lake
north unit ·will include 20,900 acres of land on the north shore of
Medicine Lake Reservoir, the water for which will be pumped through
a maximum lift of 117 feet. The Culbertson unit includes 21,400
acres of land extending eastward from the town of Culbertson, water
for which will be taken by gravity from the Big Muddy Creek Reservoir to serve 4,700, and then be lifted 40 feet to serve the remaining
acreage.
Backwater in Medicine Lake Reservoir will extend to within 4
miles of Grenora, N. Dak. Here ·the Grenora pumping plant will lift
water from Medicine Lake Reservoir into the huge Souris Canal,
which will carry it across the divide between the Missouri and Souris
Rivers, to the Crosby-Mohall area in the Souris Basin. The pumping
plant will be the largest on the project, and one of the largest in the
United States. It will have a maximum capacity of 12,000 secondfeet, and a net lift of 90 to 103 feet.
The Souris Canal, from Grenora pumping plant to Crosby Reservoir,
will have a capacity of 12,000 second-feet. Near Mile 65 of the
Souris Canal, a bypass wilf permit the delivery of water into the
Crosby Reservoir, which will be filled before the beginning of the
irrigation season. This reservoir, a few miles southwest of Crosby,
N. Dak., will have a capacity of 230,900 acre-feet, and wi!l store
water to serve peak demands in the Crosby-Mohall area dunng the
irrigation season and to assist in generating power at the Des L9:cs
Power Plant.
About 12 miles below the Crosby Reservoir, water carried in. the
Souris Canal will be dropped through a power h~ad of 98 feet ~to
the Crosby power plant with an. installed cap_ac1tyof 71,600 kilowatts. Power from this plant will be transmitted to the Grenora
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pumping plant, to assist in lifting water over the divide. Immediately below the Crosby power plant, the canal begins to serve the
upper end of 1,000,000 acres of land in North Dakota, part of the
northern division of the Missouri-Souris project.
From the Crosby power plant, the Souris Canal continues in a
southeasterly direction another 50 miles, to the immediate vicinity
of the town of Kenmare. At this point, the water is dropped through
a total vertical distance of 158 feet, into the Des Lacs Power Plant,
with an installed capacity of 66,667 kilowatts. After passing through
the power plant, the tail-water will be diverted into the Des Lacs
Reservoir, which will be formed by a 30-foot dam across the Riveire
Des Lacs. The Des Lacs Dam will back the water in the reservoir
up a few miles north of the Canadian boundary, and the reservoir
surface will be kept at a constant level, as this reservoir is, in effect,
a part of the canal system· rather than a storage basin. A few miles
south of the Canadian border, a main distribution canal will be constructed from the reservoir to serve that portion of the project lying
east of the Souris River, which it crosses in a long siphon. The
irrigable area extends southward to within a few miles of the city of
Minot, and eastward from Minot to a distance of 18 miles.
The Souris River rises in Canada, flows southward across the
boundary of the United States in.to North Dakota, to the town of
Velva, then turns northeast, and flows back into Canada and discharges finally into Hudson Bay. It is estimated that return-flows
from the irrigated area will amount to more than 675,000 acre-feet
annually. To prevent these flows of Missouri River water from being
lost into Canada t:hrough the Souris River, a gathering canal will be
constructed along the eastern end of the project, to deliver returnflows into the Souris River, about 8 miles below the town of Velva.
Near Velva, a diversion dam in the Souris River will turn surplus
flows of the Souris River, as well as the return-flow from the Northern
Division of the Missouri-Souris Project, into Devils Lake Canal,
which will run 40 miles in an easterly direction, through Smoky,
Kilgore, and Garrard Lakes to a tributary of the Sheyenne River.
That stream rises in central North Dakota and flows southeastward
to join the Red River of the North near Fargo. On the Sheyenne
River, at a point 18 miles northeast of the town of New Rockford,
the Sheyenne River Dam, 105 feet high, will form the Sheyenne River
Reservoir, extending up the Sheyenne River 55 miles, to the lower
end of the previously-described Devils Lake Canal.
Six miles east of the town of Sheyenne, a canal called the Devils
Lake Lateral will be constructed from the Sheyenne Reservoir northerly
10 miles to Devils Lake. A portion of the return-flows originating on
the northern division of the Missouri-Souris project will then be
diverted into Devils Lake for the purpose of restoring it to its former
level. Devils Lake once covered an area of 60,000 acres, and at one
time was the most attractive summer resort in the State of North
Dakota, but for the past 60 years it has been contracting, until in
1941 it had a water surface of less than 1,000 acres. To maintain
Devils Lake at a uniform level, a canal will extend 8 miles from its
eastern end to Stump Lake, another one of th~ historic lakes of North
Dakota that has gradually disappeared. From the lower end of this
lake, an outlet canal will return the waters not lost by evaporation
m the two lakes to the Sheyenne River. Enough water will be
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delivered down the S~~yenne River to _furnish municipal supplies for
some 19 towns and cities along that river and the Red River of the
North, including the important cities of Fargo, N. Dak., Moorhead
Minn., Grand Forks, N. Dak., and East Grand Forks, Minn. Thes~
imported waters will be sufficient in volume only to dilute adequately
the sewage originating in all of these towns_,to the end that Missouri
River water will be returned to that stream as far as possible.
From the right abutment of the Sheyenne River Dam, the James·
River Feeder Canal will extend southward about 18 miles, to deliver
remaining return-flows from the northern division of the MissouriSouris project into the James River, which flows into the Missouri
River 400 miles south of the end of the James River Feeder Canal.
A few miles above the Sheyenne River Dam, a pumping plant will
be erected on the south side of the reservoir, to deliver water to a
canal which will irrigate 55,500 acres of land in the New Rockford
unit, lying between the Sheyenne and James Rivers, with New Rockford on the west, and the James River feeder canal on the east.
The James River Reservoir will be formed by constructing the James
River Dam, 92 feet high, across the James River about 2 miles above
Jamestown. It will back water up to the end of the James River
feeder canal, some 45 miles upstream.
From the James River Dam, a canal will divert at the west abutment
to carry water to a point about 2½ miles below the dam, where- a
pumping plant will lift the water 50 feet, to irrigate an area of 22,000
acres on the Jamestown unit. The area extends 15 miles below
Jamestown, on the west side of the James River.
Near the town of Oakes, a few miles north of the South Dakota line,
another pumping plant on the banks of the James River will lift the
imported waters remaining in the James River 30 feet into a canal, to
serve 31,000 acres in the Oakes unit, which extends 6 miles across the
line to South Dakota, all of the project area lying on the east side of
the James River.
.
To sum up the uses to which water diverted from the Missouri River
below Fort Peck will be put: 1,275,100 acres will be irrigated in the
northern division of the Missouri-Souris Unit, the level of Devils Lake
will be restored, Stump Lake will be regulated for wildlife conservation, water supplies for municipal and sanitary uses will be furnished
to some 19 cities and towns in North Dakota, South Dakota, and
Minnesota, Red River flows will be supplemented to the extent necessary for pollution abatement, and the remaining waters will be returned
to the Missouri River through the James River. Power required to
pump\the water over the divide near Grenora will be developed at
the Crosby and Des Lacs power plants, but for short periods the power
plant at Fort Peck will be drawn upon to assist these plants to the
extent of 30,000 kilowatts.
f'he Missouri pumping division of the Missouri-Souris uni~ com:
pz:ises 69,000 acres of land, in 21 units scattered along th~ Mis~ouri
River bottom from Fort Peck to Sanish, N. Dak., _all of_wh.ichwill _be
served by pumping plants on the banks of the Missouri River. Sixteen _ofthe units, including 36,000 acres of land, are in Mo~ta~a! and
5 units totaling 32,000 acres are in North Dakota. The mdividual
acreages are listed below.
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Irrigable area
Unit

Farmer Creek________________
N-Bar-N _ ______ ________ ____ _
Wapiti______________________
Sand Cteek __________________
Fort Charles__________________
Bridge ______________.________
NickwalL___________________
Redwater___________________
Charley Creek_______________
Hard Scramble _______________
Bonanza____________________
Yellow Bluff_________________

Acres

1,600
4, 060
2,500
1,350
3, 160
1,230
1,870
7, 260
4,410
2,150
956
1,340

Unit

Acres

Shoestring __________________ _ 1,250
Nohle
- - -- - - - - - - _- l, 740
Brush ____________
______________________
950
Four-mile __________________ _
900
Williston _________________ ~ __ 8,620
Birdhead ___________________ _ 2,900
.Seneschal ___________________ _ 1,990
Nesson _____________________ _ 14,840
Goodall ______________ •______ _ 3,820
Total _________________ 68,896

The Glasgow Bench div1sion, the smallest division of the MissouriSouris project, comprises 59,400 acres of irrigable land on a bench
between the Fort Peck Reservoir and the Milk River, in Montana.
Water will be delivered to the unit by a pumping plant near the left
abutment of the Fort Peck Dam, which will lift the water through an
average distance of 80 feet.
The need for large reservoirs on the main stream.-The MissouriSouris unit, by diversions to its Northern Division through the
Missouri Canal, pumping from the Fort Peck Reservoir to the Glasgow Bench division, and pumping· from the main stream below Fort
Peck, will use for irrigation practically all of the run-off of the Missouri
River Basin above Fort Peck. The reauthorization of the Fort Peck
Dam on May 18, 1938, was for the purpose of improving navigation
on the Missouri River and for other purposes incidental thereto,
including power. The plan herein pres~nted makes irrigation a primary use of water, and substitutes other storage downstream for the
Fort Peck Reservoir, to serve navigation and other purposes.
Water supply studies indicate that additional reservoirs on the river
in South Dakota will be necessary for navigation, flood control, irrigation, and other uses. In 1943, a record-breaking flood occurred as a
-result of snow melting rapidly on frozen ground in the Missouri watershed in North Dakota. This flood dramatized the need for flood control on the Missouri River in the Dakotas. It was followed a month
or two later by additional floods in the lower river, which originated
below Kansas City. These events confirmed the opinion that large
reservoirs are necessary on the Missouri, and to meet the requirements
the construction of three dams is proposed.
The Oahe unit.-The most favorable location for a large reservoir on
the main Missouri in South Dakota is about 8 miles north of the city
of Pierre, the capital. The proposed Oahe Dam, 192 feet high, with a
crest length of 7,000. feet, will create a reservoir of 19,600,000 acre.:.foot
capacity, and will back the water up the Missouri River to the city of Bismarck, N. Dak. The reservoir will serve manypurpos.es, the principal
of which are the irrigation of a large tract of land in the James River
Basin, regulation of Missouri River flows for navigation purposes,
power production, and flood control. It lies below the Yellowstone
River, the largest of all Missouri River tributaries, contributing more
water than the Upper Missouri River, itself.
Water in the Oahe Reservoir will be maintained at such an elevation
that a pumping plant on the left bank, by lifting water an average
distance of 110 feet, to a canal approximately 125 miles long, can serve
the Oahe unit lands, an irrigable area of 750,000 acres in the James
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River Y_alley. Near the end of this main canal, the water pumped at
Oahe will be d~opped 2~1. fee_t, and will develop sufficient power to
offset that reqmre~ for hftmg 1t out_of the Missouri River. The drop
and P?Wer plant will be about 35 miles west of the city of Huron. At
th~ tail-r~ce of the pow~r plant, water will be divided, a larger portion
of 1t flow1:11gnorthwar~ ma l~mgcanal to the vicinity of Aberdmm, and
the remammg p_ar~of 1t fl?wmg southeastward to the city of Mitchell.
The area to be irrigated hes west of the James River in a strip 8-bout
20 miles wide. and over 80 miles long.
'
•
Water stored in the Oahe Reservoir will be available for navigation
purposes on the lower river, as a substitute for water taken from the
Fort Peck Reservoir for irrigation and other purposes. Ample storage capacity for floodwaters will be provided, to reduce downstream
flows to the safe capacity of the river channel from Sioux City to Kansas City. The reservoir will also have spare capacity to store the
anticipated silt load of the river for an indefinite period after upstream
reservoirs are completed; In conjunction with additional reservoirs
below Oahe, sufficient power can be produced to justify an installed
capacity of 150,000 kilowatts at Oahe.
Big Bend Dam and power plant.-At the Big Bend, 40 miles below
Pierre, the Missouri River makes a wide sweep around a point of
land·, traveling a distance of 21 miles in returning to within¾ of a mile
of the beginning of the wide sweep. It is planned to take advantage
of the fall of the river in the Big Bend by constructing a dam 40 feet
high, cutting a canal through the neck of land, and dropping the
water through a power plant at the lower end of the canal. Flows
through this power plant and dam, as regulated by the Oahe Reservoir, justify an installed capacity of 75,000 kilowatts at this point.
The dam will back water to the city of Pierre, thus leaving only 8
miles of undeveloped river between Bismarck and the Big Bend.
Fort Randall Dam and power plant.-As the flow of the river at Oahe
is to be regulated to permit downstream navigation, large outflows
will be required during the navigation season, from March 15 to November 15 of each year. During the winter months, a much smaller
flow of water will suffice for municipal and sanitation purposes, in the
lower Missouri. Such a fluctuation in seasonal flow would not permit
the development of a large block of firm power at Oahe. Another
reservoir at Fort Randall, about 75 miles upstream from Yankton,
S. Dak., is therefore proposed to re-regulate the flows of the river.
A study of discharge records, modified by all proposed upstream
diversions and regulation, for irrigation, flood control,, and powe~,
has shown that a capacity of 5,100,000 acre-feet at Fort Randall 1s
desirable to integrate the power possibilities at that site with those at
Big Bend and Oahe. An installed capacity of 100,000 kilowatts,
under an average head of 100 feet, is proposed. The Fort Randall,
Big Bend, and Oahe power plants will have a combined installation
of 325,000 kilowatts, and with the outflow regulated at Fort Randall
to satisfy navigation requirements and to prevent floods downstream,
can produce 177,500 kilowatts of firm, continuous power.
By the construction of these three reservoirs, the river will be sufficiently regulated to control floods, develop all power possibilities,
eliminate silt, create enormous recreational possibilities, permit the
use of Fort Peck Reservoir for irrigation, and allow for the develop-
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ment of all irrigable areas in the upper Missouri-Souris and Oahe
units.
• Pumping projects in the Dakotas.-A series of pumping plants, extending from Fort Peck down the river as far as Sanish, N. Dak., was
described above. These pumping plants will be served with electrical
power for pumping from the Fort Peck power plant. An additional
series of 18 pumping plants in North Dakota, extending from Sanish
to the South Dakota line and serving a total of 84,740 acres, can be
operated with energy generated in the power plants at the proposed
dams in South Dakota. Another series of pumping plants along the
Missouri will serve 54,720 acres of land, in 18 units distributed between the northern boundary of South Dakota and Yankton, S. Dak.
These individual units are listed below.
Summary of proposed irrigation projects in the Dakotas to use water pumped from
the Missouri River
Area (acres)
North Dakota unit:
Area (acres) South Dakota unit:
Shell Creek ______________
Independence ____________
Fort Berthold____________
Old Agency Flats _________
Old Agency Flats No. 2_ _ _
Fort Stevenson___________
Mannhaven _____________
Hancock Flats ___________
Fort Clark______________
Oliver-Sanger____________
Painted Woods ___________
Manley_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Wogansport _____________
Square Butte____________
Burnt Creek _____________
Little Heart_ _ _ _ _ _ _ _ _ _ _ _ _
Horsehead Flats__________
Winona ______________ .___
Bismarck________________
Total _________________

4,500
4,130
9, 400
6,510
2, 700
6, 830
1,550
5,030
2, 750
6, 880
2,300
2, 160
2,400
2,750
1,940
3, 930
9,000
5,100
4, 880

84,740

Chantier _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Oahe ___________________
La Franboise_ _ __________
Pierre ___________________
Vosseau_________________
La Roche _______________
• Joe Creek_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Red Cloud ______________
Culdesac_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Big Bend ________________
Fort 'Thompson__________
Fort Hale _______________
Grosse__________________
Fort Randall____________
Tower__________________
Greenwood ______________
Running Water__________
Yankton ________________
Total _________________

570
1,850
1,050
900
3,310
2,720
6, 5 60
1,850
5, 660
8,520
7,710
2, 1.00
650
900
2, 130
4,210
1,640
2,390

54,720

Fort Peck to Sioux City subdivision (except minor western tributaries)-Summary
irrigation units
'
Unit

New land
(acres)

Missouri-Souris:
Glasgow Bench ____________________________________________
_
59,400
Missouri River pumping __________________________________
_
68,900
Northern division:
Crosby-Mohall ________________________________________
_
1,166,600
New Rockford _________________________________________
_
55,500
Jamestown __________________
----- ___________
. _____. ___.
22,100

Total area
benefited
(acres)

0
0

59,400
68,900

750,000

0
0
0
0
0
0
0

1,166,600
55,500
22,100
31,000
84,700
54,700
750,000

2,292,900

0

2,292,900

31,000

North n~t~i!-pumping ____. ______________________
-============
84,700
South
Dakota pumping ________________________________________
__
54,700
Oahe __________________________________________________________
Total. ___________
----- . -------- ------ -------- ------ ------ -

Supplemental
water
(acres)

of

118

MISSOURI

RIVER BASIN

Proposed reservoirs
Reservoir

.

Stream

Unit served

Capacity
(acre-feet)

Medicine Lake _________Big Muddy
Missouri-Souris_ 5,200,000
Creek.
Crosby _________________
(Off-stream) __________do __________ 230,900
Sheyenne ______________Sheyenne River_ James River ____
(1)
Oahe ___________________
Missouri River __ South Dakota 19,600,000
pumping.
Fort RandalL ______________do _______________do __________ 5,100,000
Big Bend ______________
_____do ____________- __do __________ 250,000
Jamestown _____________James River ____ Jamestown,
800,000
Oakes.
1

2

Purpose
Irrigation.
Irrigation, power.
Municipal, recreation,2 irrigation.
Power, ,flood and silt control,
irrigation.
Do.
Do.
Irrigation, flood and silt control, power.

Non active.
At Devils Lake.

Power plants
Annual production, kilowatt-hours,
firm

Installed
capacity,
kilowatts

Name

Oabe ________________________________________________________________________
150,000
Big Bend____________________________________________________________________
75, 000
Fort RandalL _______________________________________________________________
100,000
1-----1-------

Total for 3 plants______________________________________________________
325, 000

Missouri River (Fort Peck to Sioux City)-Summary

1, 620, 600,000

of development, by States

IRRIGATION UNITS

Acres
New land
irrigated

Total area
benefited

Supplemental
water
furnished

Montana___________________________________________________________
271, 500
North Dakota ____________________________________________
--- ----- -- 1, 216, 700
South Dakota______________________________________________________
804, 700
1-----1-----

TotaL ________________________________________________________ 2, 292, 900

0

gI

271,500
1,216,700
804,700

0 j

2,292,900

RESERVOIRS
Capacity,
acre-feet

Number
Montana________________________________________________________________________
1
North Dakota___________________________________________________________________
3
South Dakota _________________________________________________________
·_________
3
TotaL__ ___________________________________________________________________

1----1-----

7

5, 200,000
1,030,000
24,950,000
31, 180,000

POWER PLANTS
Installed
capacity,
kilowatts

Name

Annual production, kilowatt-hours,
firm

South Dakota:
Oahe_ ___________________________________________________________________
150,000
Big Bend________________________________________________________________
75, 000
Fort Randall____________________________________________________________
100,000
1-----1-------

Total (3) ______________________________________________________________

325, 000

1, 620, 600,000
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Lower Missouri Subdivision

This subdivision includes those parts of the Missouri River Basin
not included in basins previously described, that is, the watershed of
the main stream between Sio.ux City and the mouth of the Missouri
River, and the basins of the tributaries which enter from Iowa and
Missouri. Water is used only for navigation, municipal supplies, and
sanitation purposes. The control of river flows for flood protection
is a paramount need.
•
.
Functions of the Department of the Interior have not ordinarily
included studies of water uses for navigation. In the discussion of
water-utilization problems in this portion of the Missouri River
Basin, documents and reports prepared by the Corps of Engineers
have been drawn upon, and supplemented by studies made by the
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Bureau of Reclamation where works proposed for multiple-purposes
would affect or modify the proposals made by the Corps of Engineers.
In August, 1943 a report was submitted to the Chief of Engineers,
United States Army, pursuant to the following resolution adopted
May 13, 1943:
Resolved, by the Committee on Flood Control, House of Representatives, That the
Board of Engineers for Rivers and Harbors, created under section 3 of the River
and Harbor Act approved June 13, 1902, be, and is hereby requested to review
the report on the Missouri River contained in House Document No. 238, Seventythird Congress, second session, and House Document Numbered 821, Seventysixth Congress, third session, with a view to determining whether any modification
should be made therein at this time with respect to flood control along the main
stem of the Missouri River from Sioux City, Iowa, to its mouth.

That report has been published as House Document 475, Seventyeighth Congress, second session. While the report is one on flood
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cont~ol, it II?-ust_be consider~d complementary to proposals for improvmg navigat10n on the river between Sioux City and St. Louis.
The effects upstream regulation for irrigation, power, flood control,
and other miscellaneous uses will so alter the regimen of the stream
b_e~~e.enSioux City and St_.Louis that the effect on navigation possibilities must be fully considered.
Prior to 1930 and continuing until 1938, practically all river improvement work between Sioux· City and St. Louis was directed toward improvement of navigation facilities. Flood-control aspects
had also been studied, but little actual improvement had been accomplished. Eleven flood-control projects have been authorized, involving total estimated costs of $173,000,000, but actual construction
has been started on only one of those projects, namely, the Kanopolis
Reservoir, on the Smoky Hill River in Kansas. Up to 1943, approximately $20,000,000, raised through the sale of bonds to private interests, had been expended by local levee and drainage districts along
the Missouri, for protection of farm lands. Only limited Federal
funds have been used for flood control. On the other hand, a total of
more than $322,000,000, including the cost of the Fort Peck Reservoir,
have been expended by the Federal Government in improving navigation facilities. Reports of the Army engineer.s estimate the ultimate annual maintenance and operation cost for navigation alone at
aproximately 4½ million dollars.
The 1943 flood forcibly brought to the attention of the residents of
the valley the inadequacy of existing flood protection, and precipitated a strong demand for immediate construction of additional floodcontrol works. House Document 475, Seventy-eighth Congress, second session, describes the conditions in this portion of the Missouri
River Basin, and they need no elaboration here.

ot

Co~parision of Army and Reclamation Plans
The following discussion will cover the coordination of the plans
proposed in House Document 475, Seventy-eighth Congress, second
session, with plans herein proposed for the integrated development
of the water resources of the entire Missouri River Basin, and suggest
modifications in the Army plan which appear necessary to satisfy
water-use requirements throughout the Missouri River Basin.
THE AREA OF AGREEMENT

The following authorized flood-control reservoirs which are tabulated in table 2 on page 30 of House Document 475 (78th Cong., 2d
sess.), areSouth Grand
Kanopolis
Pomme
De Terre
Harlan County
Richland
Osceola
Cherry Creek
Tuttle Creek
Arlington
The above-mentioned reservoirs, and the improvements proposed
will no doubt protect adequately the basins in whic~ they are ~oc~ted
and effect a major degree of protection on the mam Missouri River
between Kansas City and St. Louis.
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This report makes no attempt to pass on the need or adequacy of
the levee system included by the Corps of Engineers in its report
. (H. D. 475, 78th Cong., 2d sess.), but the costs of the levees appear
in tabulations in this report.
The reservoirs that are here proposed will be operated under a
plan that makes the Gavins Point Reservoir unnecessary as a means
of reregulating the flow below Fort Randall. The Gavins Point Dam
has, therefore, been omitted.
THE

AREAS

OF COORDINATION

Yellowstone Basin. -The Boysen Reservoir in the Big Horn River
proposed in the Army plan is retained in the Reclamation plan but
with its capacity reduced from 3,500,000 acre-feet to 730,000 acrefeet. The additional capacity is of more value elsewhere. The Reclamation plan adds the Du N oir Reservoir of 230,000 acre-feet
capacity, and other smaller reservoirs in the Big Horn Basin above
Boysen Dam. The Kane and Yellowtail Reservoirs of 1,220,000
acre-feet capacity are needed below Boysen Dam in lower Big Horn
River where stream flow is murh greater than at the Boysen site.
The Mission Reservoir of 890,000 acre-feet capacity below Livingston on the main Yellowstone River has been substituted for the
Lower Canyon Reservoir of 2,250,000 acre-feet above Livingston.
• The Reclamation plan adds many more reservoirs.
It is anticipated that the release of stored waters from the Mission,
Kane, and Y ellowtail Reservoirs for power production· during the
winter ~ill reduce ice formation and thereby lessen the frequency of
ice-jams downstream.
upper Missouri subdivision.-The
Army plan contemplated no
new construction, proposing only that Fort Peck Reservoir assist in
irrigation. The Reclamation plan enlarges on such use of the Fort
Peck Reservoir and provides additional reservoirs with an aggregate
capacity of 3,359,500 acre-feet. Furthermore, the 1-1issouri-Souris
project includes 1,614,000 acre-feet of active storage capacity upstream, which adds essentially that much to Fort Peck capacity in
the control of Missouri River flows, and of Milk River flows not controlled by Fort Peck Reservoir.
Fort Peck to Sioux City and the minor western tributaries subdivisions.-The Army plan made no provision for stream control on the
Missouri River tributaries in North Dakota and South Dakota.
The Reclamation plan proposes storage capacity of 1,237,000 acrefeet for irrigation and flood-control purposes. On the main stream
the Army plan proposed 35,200,000 acre-feet of storage capacity at
the Garrison, Oak Creek, Oahe, Fort Randall, and Gavins Point sites
for flood control, navigation, power production, and irrigation purposes. The Reclamation plan provides a capacity of 24,950,000
acre-feet at Oahe, Big Bend, and Fort Randall sites.
Floods to be controlled comprise: (1) ice jam floods through North
Dakota·i:and South Dakota; (2) floods produced by melting snow and
rain~falling on frozen ground; and (3) the floods from the melting of
snow in the hlgh mountains in conjunction with heavy rains on the
plains. Ice jams form on the Big Horn, Yellowstone, and Missouri
Rivers, when warm weather in late winter melts enough snow to
produce a light flood, which dislodges heavy ice cover on these streams.
98676-44-9
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Little damage results, ex?ept wh~n jams forming immediately below
popula~ed areas ~esult m floodmg of homes and improvement~.
These Jams sometimes cause local rises in water surfaces of 30 feet.
This situation will be improved by the winter release of stored waters
for power production and the return flow from widespread future
irrigation, both of which will raise streamflow temperatures and
reduce ice formation.
The floods of May and June of each year, derived from melting
mountain snows and rains in the plains region rarely produce flows
exceeding safe channel capacity. However, they produce the major
part. of the ru?-?ff ~olume over the ye~rs. Navigation, power production, and irrigation have rather umform annual water requirements. In contrast with these uniform requirements, the run-off
varies greatly, and, therefore, most of the large storage capacity is
needed for the regulation of these flows through the years. The
major part of the run-off originates in the mountain headwaters, and
storage capacities in such localities are just as effective as capacity
in the main stream in the Dakotas. For irrigation, for maximum
power production, and for distributed flood control, many reservoirs
are, therefore, provided in the headwaters area. There need be
retained in the Dakota section only the necessary capacity to control
and reregulate the residual flows that are not controlled upstream.
Storage capacity at, and above, Gavins Point
Army plan

(acre-feet)

Yellowstone Basin. _________________________________________________________
5,750,000
Missouri River above Yellowstone. ______________________
---- ---_-_-_-_-_-_0
Western•tributaries in North Dakota and South Dakota ____________________
0
Main stream in North Dakota and South Dakota ___________________________
35,200,000
TotaL _____________________________________________
. _____________
. _____ 40,950,000

Reclamation
plan
(acre-feet)
4,285,000
4,974,000
1,237,000
24,950,000
35,446,000

With the Army plan, diversion of Missouri River waters for use in
the Devils Lake region would be made at the Garrison Reservoir.
Reclamation proposes such diversion from the Missouri River below
Fort Peck dam, as that involves much lower pumping lifts and fewer
pumping plants to reach lands in western North Dakota. An additional diversion would be made at Oahe Dam in the Reclamation plan
to reach an extensive area in James River Valley apparently not
proposed for irrigation in the Army plans.
Since each agency is committed to further studies of storage requirements, the capacity of individual reservoirs, as well as aggregate
capacities, remain to be determined in greater detail.
Lower Missouri and the Niobrara, Platte, Kansas subdivisions.-The
Army plan proposes a number of tributary reservoirs in Missouri and
east~rn Kansas for flood control. With the exception of the Kanopolis Reservoir near Ellsworth, Kans., they are in a regioI?,too humid
for irrigation. In the Republican Basin, the Reclamation and the
Army plans differ with regard to the most desirable si~es to be utilized
in the upper part of the basin, but this difference will, no doubt, be
composed upon further study.
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In the Smoky Hill Basin, the Reclamat~o~ pl~n contemplates five
reservoirs, not included in Army plans, for 1rrigat1on and flood control
purposes.
In the Platte River Basin the Reclamation plan adds to the Cherry
Creek Reservoir near Denver, contained in the Army plan, an extensive irrigation development on the Loup and Platte Rivers, including
six reservoirs with an aggregate capacity of 1,600,000 acre-feet, and
the Glendo Reservoir for irrigation and flood control on North Platte
River.
The Army and Reclamation plans on storage needs for all purposes
can be composed. The relative allocation of water for irrigation and
navigation involves a policy in water use which these agencies cannot
establish or modify. Irrigation, and storage of any kind, deplete
streamflow. It is estimated that the dependable flow of the Missouri
River at Sioux City, with completion of all of the development contemplated in the Reclamation plan, may be reduced to an amount
somewhat below 20,000 second-feet. A 6-foot navigation ch~nnel
has been authorized below Sioux City and a 9-foot channel has been
suggested, but the necessary flows for such channel depths are not
definitely known. The Reclamation development would, when
completed, use somewhat less than one-half the original streamflow
at Sioux City. That amount used in irrigation of land, as proposed,
will produce crops worth fully $130,000,000 per year.

Power Facilities, Present and Proposed
FOREWORD

In the Missouri River Basin, the electric power industry includes
such wide extremes as large hydroelectric generating plants serving
industrial consumers with high .load factors, in western Montana, and
numerous isolated towns and villages elsewhere in the Basin, served
by small fuel-burning plants.
•
In the area of large water power plants, heavy loads, high load
factors, and interconnected plants, the unit cost of electrical energy is
low. Of necessity, in those areas of light, scattered loads, served by
small, isolated, fuel-burning plants, costs are high.
In large plants the capital cost per kilowatt of generating capacity
is lower than in small plants. In plants serving heavy consumers who
take energy through a large part of the day and throughout a large
part of the year, the fixed charges sqch as interest and taxes, and operating costs such as w~ges, are distributed over many units of energy,
and the cost per kiJ.owatt-hour is low. If several generating plants
can be connected with each other and with many power consumers by a
network of transmission lines, particularly if they are water power
plants with different generating capacities at various seasons, less
total generating capacity is required for stand-by purposes and to
carry a given total load. Large generating plants, large consumers,high load factors, concentrated loads, and the intergration of plants
and loads by means of interconnecting transmission lines, make low
power costs possible. •
Unfortunately, in the greater part of the Missouri River Basin,
loads are small, of low load factor, widely scattered, and remote from •
water power plants. Large numbers of small power plants and small
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power s_ystems hav:e grown ~p as demands developed. Each has had
to provide generatmg capacity to take care of its own peak demands
and stan4-by needs. Much of the equipment is old, and some of it is
approachmg obsolescence. These conditions result in high production
and distribution costs.
Interconnections between the large hydroelectric power plants
proposed as parts of the Missouri River Basin development and
existing plants and systems will bring to the latter some of the advantages enjoyed by participants in large, widespread, integrated systems.
PRESENT

POWER

FACILITIES

AND REQUIREMENTS

Present power facilities.-Present
power developments and the
degree of use vary considerably throughout the basin, and have been,
to a marked degree, influenced by geographical location, the availability of raw materials, water power resources, and prevailing
economic conditions. A general description of existing power facilities, by States, follows. With authorized and prospective transmountain diversion projects, there will be available in Colorado
sufficient hydroelectric power to supply its prospective requirements
in the Missouri River Basin. For that reason, Colorado's power
facilities and market are not discussed herein.
Statistics dealing with matters of power are compiled on a State
basis. For the purposes of this report, it has been necessary to treat
an area which includes all of some States and parts of others, and to
cover not only the Missouri River Basin but certain fringe areas which
include generating plants or power consumers that might be interconnected advantageously with basin facilities. Statistics have been
adjusted accordingly.
,
The "region" treated includes all of Montana, Wyoming, Nebraska,
and South Dakota, the northern part of Colorado, western and northwestern Iowa, southwestern Minnesota, and all but the northeastern
corner of North Dakota.
In a region of this size, diverse conditions and problems arc involved,
such as topography, climate, natural resources, transportation
facilities, industrial development, distribution of population, and
capacities and lay-outs of existing power facilities. With such considerations in mind, the region has been subdivided into three loadstudy and power-exchange areas:
Area I: Montana, except the northeast and east central parts,
Wyoming, northern Colorado, western Nebraska, and western
South Dakota.
Area II: The area. contiguous to Fort Peck in eastern Montana, east central Montana, and western and northwestern
North Dakota.
Area III: South Dakota except the western quarter, North
Dakota except the Red River Valley, the northern half. of the
State, and its extreme west end, Nebraska except the _western
third, western and northwestern Iowa, and a small triangular
area in southwestern Minnesota.
•
Montana.-The
extensive development and use of hydroelectric
• power in the western half of Montana is in ~ar!red ~O,?-trastwith
conditions in the eastern half of the State. This is strikmgly borne
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. out by the fact that the total present installed hydroelectric generating
capacity of the Montana Power Co., in .t~e western half .o.f.the State,
aggregates 315 740 kilowatts. In add1t10n to the fac1ht1es of the
Montana Pow~r Co., the Mountain States Power Co. operates a
4,000-kilowatt hydroelectric generating plant at Big Fork, and ~he
Great Northern Utilities Co. operates 3,158 kilowatts of fuel-burmng
equipment at Shelby and Browning. Thus, the aggregate present
installed capacity of the principal utilities in the western half of
Montana is 322,898 kilowatts. Of further interest, in this connection,
is the fact that over 75 percent of the electric energy generated is
utilized by large industry, with predominant use by the copper mining
and associated electrolytic refining industries. Physical ties are in
existence, linking the Montana Power System with the Idaho Power
Co., and the Utah Power and Light Co., to the south, and the Washington Water Power Co., to the west, for the purpose of interchange
and exportation of power.
As contrasted with the foregoing, the current development as well
as power use in eastern Montana is relatively small. A transmission
line from the west delivers approximately 20,000 kilowatts to Billings
and contiguous- areas~ The only power facilities in the eastern half
of Montana are the Fort Peck development and the system of the
Montana-Dakota Utilities Co., with an aggregate installed capacity
of only 10,600 kilowatts, in fuel-burning plants. At the Fort Peck
development there is at present an installed hydroelectric capacity of
35,000 kilowatts, most of the output of which is disposed of temporarily to the Montana Power Co., over a 287-mile transmission line
(owned by the War Department) between Fort Peck and the Great
Falls area. The Bureau of Reclamation has authorizatiol1 to build
a 140-mile transmission line between Fort Peck and Glendive, to
supplement the facilities of the Montana-Dakota Utilities Co. at the
latter point. This will prevent an imminent power shortage, ,;will
conserve gas fuel, and will provide for immediate additional irrigation
pumping requirements.
The aggregate present installed capacity in the State is 373,419
kilowatts, which may be broken down as follows:
Installed capacity (kilowatts)
I

,

Hydroelectric

Internal
combustion

Publicly owned ________________________________________
35,320
Privately owned _______________________________________
322,915

147
2,719

358,235

2,866

Total ________
-- -- -- ------------- --- ----- --- -- ----

Steam

-----------12,318
12,318

Total
35,467
337,952
373,419

Wyoming.-In Wyoming, the Bureau of Reclamation now has a
total 'installed capacity of 45,800 kilowatts, in five hydroelectric
plants, and in addition, owns and operates approximately 800 miles
of high-voltage transmission lines, interconnecting the hydroelectric
plants, and providing an integrated transmission network from which
the bulk of present power requirements for public use in the State
is supplied. This transmission system, in general, forms a backbone
system extending from the extreme southwest corner of Wyoming to
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the vicinity of Yellowstone Park, in the northeast. Interconnection
is made with northern Colorado over the Bureau of Reclamation's
115,000-volt line extending south from Cheyenne to Greeley, Colo.
Both 115,000-v_olt3:nd 33,000-volt lines extend into western Nebraska,
where connection 1s made to the Scottsbluff steam-electric plant,
owned by the Consumers Public Power District. The main grid is
al~o conn_e?t.edand coordinate~ with the transmission lines and generatmg famhtie.s of the Mountam States Power Co., ~nd with several
municipalities, other privately owned small utility systems, and
several isolated fuel-burning generating plants operated by large
industry. In addition to the power pool incident to the abovementioned interconnected grid, there are a number of isolated generating units in the State, owned and operated independently by public
bodies, small private utility companies, and industrial plants. The
present aggregate installed capacity in the State (including the Government plants) is 134,937 kilowatts. It is summarized as follows:
Installed capa city (kilowatts)
Hydroelectric

Internal
combustion

Steam

Publicly owned________________________________________
47,255
3,232 ____________
Privately owned_______________________________________
2, 587
2,280
23, 083
Ind ustriaL _____________________________________________ ___. ____.. __ ________
. _. _
56,500
Total __________________________
. ___. _. _. _____....

49,842

5,512

79,583

Total
50,487
27,950
56,500

134,937

The Bureau of Reclamation is currently exporting dump power
from the Wyoming system over its 115,000-volt line extending south
from Cheyenne and connecting with the system of the Public Service
Co. of Colorado at Greeley, Colo. This, however, is a temporary
condition, and from information now available the Bureau is faced
with an imminent power shortage in Wyoming, which, according to
forecast, will extend from September 1944 through March 1945.
Studies are now in progress with the thought of alleviating the shortage by the importation of power into Wyoming from northern Colorado. The potential hydroelectric possibilities in Colorado and
Wyoming are of such magnitude that each State will ultimately be
self-sufficient from the power standpoint.
Primarily, transmissionline interconnections between the States will provide mutual stand-by
service, although some surplus energy may be expected to flow from
one State to the other as special conditions arise.
.
Nebraska.-The
Nebraska Power Co. serves the Omaha-Council
Bluffs area of Nebraska and Iowa, and ranks first in Nebraska in
system load, with an annual peak demand in 1941 of 92,220 kilowatts,
on an installed steam-generating capacity of 111,750 kilowatts. This
system maintains important 110,000-volt interconnections with the
N _ebraska public power system at South Omaha and ~remont, !1nd
with the Kansas Gas & Electric Co. at the Kansas State hne. A mmor
66,000-volt interconnection is made to the west with the IowaNebraska Light & Power Co.
.
The Nebraska public power system embraces the t~ree pubhc
power and irrigation districts in the Platte and Loup River watersheds in Nebr~ska, namely, the Platte Valley public power and irriga-
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tion district, the central Nebraska public power and irrigation district,
and the Loup River public power district, which is exclusively a power
agency. In addition, the over-all resources of the Nebraska public
power system include the facilities of the consumers public power
district, an affiliated organization which was created for the purpose
of acquiring other electric power properties in various sections of the
State, as a means of expanding the market for hydroelectric power
produced by the three member districts. Inasmuch as the facilities
of the Nebraska public power system and the consumers public power
district are operated as an integrated whole, further reference will be
interpreted as including the consolidated facilities and operations.
In general, the Nebraska "public power pool" operates an extensive
interconnected system with backbone 110,000-volt lines interconnecting all major hydroelectric plants, and extending from the community
of North Platte eastward to the Omaha area, where interconnection is
made with the Nebraska Power Co. and the Iowa-Nebraska Light &
Power Co. In other words, from .east to west, this main system
traverses approximately two-thirds of the State, and with minor
33-000-volt extensions to the west, embraces most of the Platte
River Valley in Nebraska. The system's 1941 annual system-peak
load was 64,586 kilowatts, including 26,890 kilowatts net obligations
under firm power contracts to others. The present installed capacity
of the system is 137,203 kilowatts in hydroelectric plants and 71,052
kilowatts in fuel-electric plants, or a combined total of 208,947
kilowatts, of which 187,122 kilowatts is considered as firm power.
Considering the net firm power obligations (26,890) to others, together
with an allowance of 18,000 kilowatts for pool reserve requirements,
the net "assured" pool capacity of the system will be in the order of
142,000 kilowatts. In addition to the two main power systems
described above, there are numerous isolated fuel-electric generating
stations scattered throughout the State, owned principally by municipalities, some of which are tied in with the Nebraska public power
system. Present installed capacity throughout the State is summarized below.
Installed capacity (kilowatts)
Name of distributor

Hydro

b~~~g

Nebraska Power Co ___________________________________________________________
_
111. 750
Nebraska public power system______________________________________
137,895
71,052
Other (principally municipalities)__________________________________ 4, 660
92,244
1----1----

Total ____________________________
•____________________________

142, 555

275, o~6

I_T_o_ta_l _

I

111,750

208,947
96,904

I

417,601

Iowa and Minnesota.-It
would be superfluous to attempt to
describe here all existing power facilities in these two States, since
no attempt is made in this report to consider areas beyond the scope
of practical transmission-line distance limitations. In this case,
such limitations allow the inclusion of only portions of southwestern
Minnesota and northwestern Iowa, as shown by the other outer boundary of Area III on map facing page 138. In the Iowa area thus
delineated, the Sioux City Gas & Electric Co., and its subsidiary,
the West Division of the Iowa Public Service Co., are predominant.
The area also includes a number of medium-sized, municipally owned,
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isolated pla1;1ts. The _Sioux City Gas & Electric Co. operates three
st~am-~lectric gen~ratmg pla~ts in the immediate vicinity of Sioux
City with a combmed capacity of 43,650 kilowatts and from these
plants it supplies not only the Sioux City area load but also a substantial portion of the requirements of its subsidiary, the West Division
of the Iowa Public Service Co., which operates its own fuel-electric
plant~, with a t?tal capacity of 12,13~ kilowatts, and small hydroelectric plan~s with an :3iggregatecapacity of 11325 kilowatts, making
a total combmed capacity for the two comparues of 57,111 kilowatts.
The interconnected steam-electric generating facilities in the Sioux
City area are also interconnected with an affiliated system, the South
Dakota Public Service Co., and with the South Sioux City (Nebr.)
municipal system. The following is a summary of the total present
installed capacity, including net firm power purchased from outside,
for the entire Iowa area under consideration.
Capacity (kilowatts)
Name of distributor

Fuelelectric

Sioux City Gas & Electric, and Iowa Public Service Cos.
55,786
Municipalities _________________________________________ 20,904
Total. ___________________________________________ 76,690

Hydro

Purchased

Total

1,325

2,000

59,111
20,904

1,325

2,000

80,015

------------------------

In the southwestern area of Minnesota under consideration, there
are nine major municipalities with an aggregate installed capacity of
18,589 kilowatts in fuel-electric plants. In addition, the Ottertail
Power Co. operates an extensive 44,000-volt interconnected system,
extending west into South Dakota and in general paralleling the South
Dakota-Minnesota State line on each side, from its 9,750 kilowatts
fuel-electric plant at Canby, Minn., to tie in with its 20,500 kilowatts
("Kidder") plant located at Wahpeton, N. Dak., and other plants
to the east in Minnesota.
There are two other private utility systems in the area, namely,
the Northern States Power Co. and an affiliated company, the Interstate Light & Power Co. The Northern States Power Co. owns and
9perates a substantial 66,000-volt transmission line c~nnecting its
17,000-kilowatt generating plants at Sioux Falls, S. Dak., with its
extensive interconnected system to the northeast, in Minnesota.
Connected with, and operated in conjunction with, this tie line are two
generating plants located just within the ea~tern boundary of Area III,
namely, the. Minnesot,a Valley 20,000-kilowatt fuel-electric plant,
and the Minnesota Falls 4,030-kilowatt hydroelectric plant. Power
requirements of the Interstate Light & Power Co. are supplied at
22,000 volts, from a substation tapping the 66,000-volt line at Tracy,
Minn., which is about midway between Sioux Falls ~nd _Minnesota
Valley. This 22,000-volt system crosses the State hne mto South
Dakota, where connection is made with the Sioux Falls plant of the
Northern States Power Co.
The normal flow of power over the ab<?ve-mentioned ~6,oo9-~olt
transmission line at the South Dakota-Mmnesota State hne, is rmportation into S~uth Dakota. Both t~e Ottertap. a~d the N o;thern
States Power Companies have generatmg capacity mstalled m the
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area of Minnesota under consideration, but both make intersystem
and interstate transfers of energy outside the area. For this reason,
it is difficult to prorate exactly the amount of energy taken from such
transmission networks, and used in the Minnesota area. However,
a rough estimate was made by using simple proportion, and the value
of these factors, thus estimated, is used in the following and subsequen~ tabulati<?ns listing installe1 a~d/o~ equivale:1-t capacities utilized
in Mmnesota, m Area III, for d1stribut10n to ultimate consumers:
Capacity (kilowatts)
Equivalent
Name of distributor

Generated
fuel-electric

'

Hydro.

Fuel

Ottertail Power Co ________
--------------___-------- ___
6,000
-----------Northern States Power and Interstate Power Cos ______-----------5,000
7 000
-----------Municipalities ____________
-~___________________________
18,589
------------

------------

Total _______________________
-------_· - - --- - _- ----

18,589

5,000

13,000

Total

6,000
12,000
18,589
36,589

South Dakota.-The principal generating facilities in the State (from
the standpoint of capacity) are located in the Sioux Falls area, where
three plants, with a combined capacity of 20,076 kilowatts, are operated by the Sioux Falls Light and Power Department (municipal) and
the Northern States Power Co. As heretofore mentioned, the Northern States Power Co., with its subsidiary, the Interstate Light & Power
Co., maintains substantial transmission facilities between Sioux Falls
and the interconnected power facilities to the northeast, in Minnesota.
These lines are used for the importation of power into South Dakota
from Minnesota as well as for integration, and in this connection it is
estimated that approximately 8,000 kilowatts of back-up or additional
dependable firm capacity is thus made available at Sioux Falls, bring- •
ing the total capacity available at that point to approximately 28,000
kilowatts. Other principal private companies which operate power
facilities in the State are: The Central Electric & Telephone Co., the
Northwestern Public Service Co. (together with its affiliated company,
• the Dakota Public Service Co.), thEf Ottertail Power Co., and the
• Black Hills Power & Light Co. Practically all of the facilities of the
above-mentioned companies are located in the area between the
Missouri River and the Minnesota and Iowa State lines, with the exception of the latter company, which serves the area in the western
part of the State, next to Wyoming, centering around Deadwood,
Rapid City, and Hot Springs. Most of these companies effect a
measure of integration on their individual systems, between relatively
low-capacity fuel-electric generating plants, by tneans of mediumcapacity 33,000-volt or 44,000-volt transmission lines, and there is
some interconnection between companies. In addition to the principal privately owned utilities mentioned above, there are 7 principal
municipally operated systems and 11 Rural Electrification projects in
the State, and also numerous small isolated systems (rated below
1,000-kilowatts installed capacity) owned by private and public interests. The following table summarizes the present total power capacity
available in the State, as to type and ownership:
98676-44-10

130

MISSOURI

RIVER BASIN

Capacity available (kilowatts)
Internal
combustion

Hydroelectric

Type of distributor

Piivate utility companies _____________________
______
a. 270_I
Municipal _____________________________________
Total ... _________________________________ 3,270

I

Steam

Interstate
transmission

19,181
13,922

4
~: l~ \______
~:000_

33,103

55, 1121

8,000

Total

77, 151
22,334
99,485

North Dakota.-The
general power situation in North Dakota is
similar to that in South Dakota in that the bulk of all present power
facilities are located in the area between the Missouri River and the
State line to the east, with the maximum density in the east, along the
Red River Valley. There are 4 principal private utility comf)anies
in the State, with an aggregate installed fuel-electric generating
capacity of 84,891 kilowatts.. In addition to the principal private
utilities, there are 2 principal municipal operations, 8 rural electrification projects, and a number of small isolated systems publicly or
privately owned. Approximately 4,000,000 kilowatt-hours were imported into western North Dakota from Montana over the facilities of
the Montana-Dakota Utilities Co. in 1941, and approximately the
same amount was exported over the same system into Montana.
As compared with this, 27,802,000 kilowatt-hours were exported from
North Dakota into Minnesota in 1941, and in the same year 26,671,000
kilowatt-hours were exported from North Dakota into South Dakota.
A minor amount of energy was also imported into North Dakota from
Canada in 1941. As is the case in South Dakota, there are no extensive interconnected high-voltage transmission systems. The following table gives the present total installed capacity in generating equipment for the entire State.
Installed capacity (kilowatts)
Type of distributor

Hydroelectric

Internal
combustion

Private utility companies ___________________________________________
----4,553
Municipal_ ______________________________________________________________
_
4,000
Rural cooperative _______________________________________________________
_
2,160
Total ____________
. _______--- -- -- ---- ---------- --- ------ -- -- - ------ -

10,713

Steam

Total

80,338
5,000

84,891
9,000
2,160

85,338

96,051

'

In order to determine the total capacity in that part of North
Dakota embraced by Area III, the following deductions should be made
in eliminating the northwestern corner of the State: Private utilities,
27,215 kilowatts, publicly owned utilities, 4,957 kilowatts, or a_total
of 32,172 kilowatts; thus leaving a balance of 63,879 kilowatts m the
section of the State under consideration in Area III.
SUMMARY

OF PRESENT

POWER

FACILITIES

In the three following tables, summaries are given _of generating
capacity, energy generated, and plant factors-the
rat10s of avera.ge
loads to generating capacity.
.
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Ex,istfog generating capacity-Summary

for region, as of Dec. 31, 1942

Installed generating capacity kilowatts
Publicly owned plants

Privately owned utility
Hydro

Hydro

Total

Fuel

Fuel

Grand
total

Total

AREA I

Montana! _____________________322,915
4,001 326,916
Wyoming 2 _____________________
84,450
81,863
2,587
,:vestern Nebraska _____________---------- ---------- ---------Western South Dakota _________ 1,000
17,961
16,961
SubtotaL ________________ 326,502

320
47,255

---------3,232

320
50,487
15,447

327,236
134,937
15,447
17,961

---------- 15,447_
---------- ---------- ----------

102,825

429,327

47,575

18,679

66,254

495,581

Northeast and east central
Montana _____________________
---------Northwest and western North
Dakota _____~ ________________

11,036

11,036

35,000

147

35,147

46,183

-------------------

10,540

10,540

50

50

10,590

Subtotal _________________

21,576

21,576

197

35,197

56,773

Eastern Nebraska ______________ 4,050
Northwest Iowa _______________ 1,325
Southwest Minnesota __________ 5,000
Eastern South Dakota _________ 2,270
Eastern North Dakota _________----------

112,561
55,786
13,000
48,920
47,136

116,611 138,505
57,111 ---------18,000 ---------51,190 ---------47,136 ----------

147,038
20,904
18,589
22,334
6,153

285,543
20,904
18,589
22,334
6,153

402,154
78,015
36,589
73.524
53:289

SubtotaL ________________ 12,645

277,403

290,048

138,505

215,018

353,523

643,571

Grand totaL _____________ 339,147
Percentage of regional totaL ____
28.4

401,804
33.6

740,951
62.0

221,080
18.5

233,894
19.5

454,974
38.0

1,195,925
100

.AREA II

---------35,000

ARE.A III

1

2

Except northeast and east central parts which are included in Area II.
Includes industrial plants.

Energy generated-Summary

for region, for 1941

[Thousands of kilowatt-hours]
Privately owned utilities

I

State
Hydro

Fuel

Total

I

Publicly owned plants
Hydro

Fuel

Grand
total

Total

----

AREA I

Montana _________________2,140,657
Wyoming ________________
5,809
Western Nebraska _______
150
Western South Dakota ___
4,000

11. 487
180,693
26,196
36,000

2,152,144
1,079
186,502 127,984
26,346
150
40,000 ----------

SubtotaL __________ 2,150.616

254,376

2,404,992

21,460

21,460

30,619

30,619

----------

1,156 2,153,300
131,596
318,089
11,104
37;450
40,000
----------

129,213

14,643

143,856 2,548,848

-------------------

320

I

77
3,612
10,954

AREA II

Northeast and east central Montana ___________
-----------Northwest and western
North Dakota __________
------------

I
..

SubtotaL __________

------------

52,019

52,079 ----------

Eastern Nebraska ____
•____
23,342
Northwest Iowa __________
4,000
Southwest Minnesota ____
15,000
Eastern South Dakota ___
5,872
Eastern North Dakota ___ ------------

421,794
180,600
32,000
93,893
157,724

445,136 258,454
184,600 ---------47,000 ---------99,765
157,724 -------------------

AREA Ill

48,214

I

Grand totaL _______ 2,198,830

I

SubtotaL __________

886,ou

I

934,225

320

21,780

60

60

30,679

380

380

52,459

177,690
32,150
29,200
42,811
5,743

436,144
32,150
29,200
42,811
5,743

881,280
216,750
76,200
142,576
163,467

-

258,454 I 287,594

546,048 1,480,273

I

1,102,4661 3,391, 2961 387,6671 302,6171 690,284 4, 081,588
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for region, for 1941-Continued

RATIO OF AVERAGE LOAD TO RATED PLANT CAPACITY

Integrated
systems

Independent or isolated
systems

Percent

Percent

![Eik==================·=·=====
=====:
==::::::
::::::::::::::=::
::::=:::
::::-·=
Regional average _____...............

_.... _._. __. ______
. _______
.... _______
_

PRESENT

POWER

62.8

25.9

31. 2
28.1

20.6

42.2

21. 7

19. 5

UTILIZATION

Statistics widely published give the average numbers of kilowatts
consumed per resident, in the various States. In the Missouri River
Basin, the extremes are reached; Montana is first, with 3,480 kilowatthours per capita, and North Dakota forty-eighth, with 332. These
figures only mean that there is great industrial use of power in Montana, and very little industrial use of power in North Dakota. They
do not necessarily mean that the individual residents of Montana
enjoy the fruits of power any more than do the residents of North
Dakota. Montana power goes chiefly into the production and refining
of nonferrous metals and the benefits of cheap power in western
Montana are shared by direct and indirect users of copper, lead, and
zinc, all over the country. Unfortunately, statistics separating domestic, municipal, commerical, and industrial uses are not available
in compact form.
The following table, showing residential uses, and combined commercial and industrial uses of power, gives data for whole States,
including exports· to other States. As to conditions in the Missouri
River Basin, the figures are misleading. A large part of Montana's
power output is used at Butte and Anaconda, in the Columbia River
Basin, and in the mines of north Idaho. The effects of combining
large water power plants with heavy industrial consumers having
high load factors is shown in the average Montana commercial and
industrial power rate, which is effective only in Western Montana.
The large parts of Iowa and Colorado which are either not in, or are
not primarily dependent upon the Missouri Basin, account for the
large consumption of power in those States.
1941 sales data on electric energy
Commercial and industrial

Residential rural and urban
State

Kilowatthour sales

per Kilowatt- Kilowatt-hour
Number of Cents
hour per
sales
customers kilowattcustomer
hour

$112, 433, 000
Montana ...........
444, 018, 000
Iowa ...............
192,907,000
Colorado ...........
Wyoming_ .........
36,508,000
Nebraska .. ________ 244, 733, 000
68,328,000
South Dakota ......
North Dakota ______ 71,602,000

103,368
508,791
220,708
42,901
255,918
77,822
75,022

Region _______1, 170, 529, 000

1,284,530

1

3.49
4. 21
4. 23
4. 58
3.86
4. 60
4.34
4.11

Number Cents per
of cus- kilowatttomers
hour

1,088
873
874
851
957
877
955

$1,324,834,000
1, 192, 589, 000
479, 327, 000
84,658,000
389, 586, 000
122, 566, 000
86,379,000

17,683
97,392
45,364
8,225
43,194
21,534
21,721

911

3, 679, 939, 000

255,113

With Montana excluded average resultant rate is 2.14 per kw-br.

o.70

1. 83
2. 20
2.57
2. 26
2. 99
3.83
11. 62
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Ref erring to data on residential uses of power, it is to be observed
that Montana, with less population, has more residential power consumers than North Dakota. This is accounted for principally by the
facts .that a greater percentage of the population of M.ontana lives in
towns and that the principal towns of Montana are larger than the
principal towns of North Dakota. The more concentrated the population is, that is, the easier the customer is of access, the greater the
ratio of power customers to population. Low rates affect consumption per customer more than they do the relative number of customers.
With the exception of Montana, the domestic consumption per customer in the several States is remarkably near the average.
It is to be observed that an average gives no idea of the extremes
between the things averaged; it might be the result of averaging many
things which are approximately equal, or of averaging some very small
with some very large things. In this table, the average costs per
kilowatt-hours are the averages of low rates paid by large consumers
and high rates paid by small or scattered consumers.
A second table, which follows, shows the ratio of population to
domestic users of power. Despite their wide difference in character,
the States named, with the exception of the Dakotas, show remarkable uniformity in the percentage of population served in homes. As
to domestic electric service, the Dakotas correspond in character to
the more sparsely populated parts of the other States. As the percentage of rural and village population diminishes, the percentage of
population served with electricity for domestic uses will increase. An
exception is likely to occur in irrigated districts, where farms are close
together, and their owners more disposed and better able to buy
electricity for domestic use.
Relation between population and domestic use of power
Ratio
Popula- Custom- population 1940 ers 1941 tion to
customers

State

Montana ____________________
------ -- __-- ----- ---- _____________________
_
559,456
Iowa _______________
-_---------- -------------- --------------------------- 2,538,268
Colorado_____________
--- --- ---- --- ------- ---- -------- ---· -- --------- -- --_ 1,123,296
Wyoming
______________________________________________________________
250,742
Nebraska ______________
------------- --- -- -- -- ____-_____________________
_ 1,315,834
South Dakota _________________________________________________________
_
642,961
North Dakota _________________________________________________________
_
641,935

POWER

103,368
508,791
220,708
42,901
255,918
77,822
75,022

5.4
5.7
5.8
5.8
5.1
8.2
8.5

INTERCHANGE

Exchanges of energy between the "Region" and neighboring States
or parts of States are tabulated below. Exports from Wyoming to
Colorado are due to temporary conditions. With the completion
of the Colorado-Big Thompson project, now under construction
Colorado will no longer need Wy0ming power. Exchanges betwee~
Montana and Idaho are accounted for by the use of Montana power
in Idaho mines. Seasonal shortages of water in western Montana
account for importations from Utah and Washington, through Idaho.
It is assumed that in the future the areas will provide mutual stand-by
service. Since each area will be substantially self-sufficient from a
power standpoint, little net interchange of energy is expected.
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Energy transfers 1,000/kilowatt-hours
Movement of energy
Area I

Total received _____________________
-_____________
._

Area II

29,572

Area III

Total for
rjgion

46,409

75,981

Energy delivered to:
Colorado___________________________________________
38,890 ------------ ____________
38,890
Idaho______________________________________________
258,128 ____________
____________ 258,128
Kansas __________________
-- -_______--- _------------- _-- _____________________
60
60
Minnesota _________________________________________
-----------------------1,531
1,531
Missouri_ __________________________________________ __________
. _ ____________ ____________ ___________
_
Total delivered___________________________________297,018 ____________
Net energy received or delivered_________________

3

26?,4461------------

1,591
• 44,818

298,609
3

222,628

1 Colorado is included in the region, primarily for study and examination of interchange possibilities;
and is not considered as a potential sales outlet for future power generation in Area I, although dump power
from the Bureau of Reclamation's Wyoming power system is currently temporarily exported into Colorado.
2 Estimated net purchased by the Iowa Public Service Co. from the Fort Dodge, Des Moines & Southern
R.R. Co.
a Delivered.
4 Received.

PLAN

FOR FUTURE

POWER

DEVELOPMENT

Power plants.-Most
of the power plants proposed in the plan for
developing the water resources of the Missouri River Basin will generate electrical energy for use in pumping water for irrigation, and for
domestic, commercial, and industrial uses. A few will be used almost
exclusively for irrigation purposes. In most cases, the operations
of the power plants will be governed by the storing and releasing of
water for purposes other than power generation, such as flood control,
irrigation, navigation, and miscellaneous uses. The capacities and
the arrangement of the plants have been planned accordingly.
The potential energy capacity of any reservoir or waterfall is
measured by the product of the head or drop and the rate at which
water flows from it. Bo'th of these factors are variable throughout
the year. The water available and the rate at which it will be required
downstream vary from time to time. As reservoirs are drawn down,
heads diminish. The minimum combination of head and flow at
any power site determines the "firm" power capacity at that site,
that is, its capacity to turn out power at a uniform rate every moment
year in and year out. If several plants do not have their minimum
capacities simultane.ously, and if they and their loads can be interconnected, the firm capacity of the group will obviously be greater than
the sum of the firm power capacities of the plants as rated separately.
Considering all of the proposed power plants as parts of one power
generative unit, that unit would be able to turn out 3,809,200,000
kilowatt-hours of energy each year, at a uniform rate ~f 434,50_0
kilowatts. Thus, together they could serve consumers with a umform demand that is with a 100 percent load factor, at the rate of
'
'
434,500 kilowatts.
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Power consumers do not have 100 percent load factors, though
some heavy industries approach it closely. Domestic consumers fall
very far below it. A group of consumers of different power-consuming habits have a better load factor than many group members have
individually, particularly if part of the group is in one time zone and
part in another, and more particularly if the group includes some
heavy industries. The average load factors for i1issouri Basin
States were in 1942:
Percent

Percent

~lontana ____________________ _ 81. 2 Minnesota ___________________ _ 58. 0
Wyoming ___________________ _ 47. 8 North Dakota _______________ _ 50. 7
Nebraska ____________________ _ 47. 2 South Dakota _____=-----------59. 9
Io~·a ________________________ _ 60. 6

Excluding 1'1ontana, as being disproportionate because of war
conditions and its predominant industrial load, composite annual
load curves were developed, which,. in effect, showed the present
month-by-month combined loads and demands of all major interconnected utilities in the region. From these curves, the monthly average percentage of kilowatt-hours consumed, and the corresponding
maximum demands were determined. By applying these coefficients
to the 3,809,200,000-kilowatt-hour firm power capacity of the proposed
plants, the monthly distribution of that energy and the corresponding
maximum demands were determined, assuming that the future load
characteristics of the region will resemble those of the present. The
load factor was found to be 51.4 percent, and the maximum demand
843,000 kilowatts, in December. Considering the diversity of demand
in the region, and its extensio:p.into two time zones, a 60-percent load
factor was deemed appropriate.
At that load factor, the maximum
demand at the generating plants could not exceed 724,500 kilowatts.
Assuming 10-percen t energy losses in transmission and transforma-tion, the consumers' annual consumption could not exceed 3,428,280,000 kilowatt hours, and the consumers' maximum demand could
not exceed 634,000 kilowatts. (See chart p. 137 .)
The following table lists the proposed plants which will provide
firm power for sale, the annual output of each plant being based on
its ability as a member of a pool, not on its firm power capacity if it
were operated as an isolated plant. Of the 3,809,200,000 kilowatthours available annually from the group, 3,428,280,000 kilowatt-hours
could be delivered to consumers, and the combined maximum demand
on the system could be 634,000 kilowatts.
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Hydroelectric plants to be operated for firm power

Name of plant or
reservoir

Ultimate capacity
Net
average
power Installed
head
capacity Annual generation (kilowatt(feet)
(kilohours)
watts)

Kortes ______________ 193
Boysen ______________ 115
Kane ________________ 108
Yellowtai) ___________ 320
Mission _____________ 150
Hunter Mountain ___
500
Thief Creek _________ 1,250
Sunlight Creek ______ 1,825
Bald Ridge _________
450
Canyon Ferry _______
Portage _____________ 100
61
Lyon ________________ 290
Oahe ________________ 150
Big Bend ___________
55
Fort Randall ________
90
Fort Peck 1 _________
160
Tongue River 1______
1,200
Total for region_
1

7,017

Firm power only-considerable

30,000
10,000
30,000
75,000

Purpose or multipurpose of reservoir

162,000,000
56,900,000
139,300,000
332,000,000
263,000,000
71,000,000
350,000,000
109,500,000
166,500,000
149,800,000
146,900,000
121,000,000

Power.
Power, flood control, navigation, and irrigation.
Do.
Do.
50,000
Power, flood control. nangation.
12,000
Power.
• •
60,000
Do.
20,000
Do.
30,000
Do.
35,000
Irrigation and power.
20,000
Power.
23,500
Do.
150,000
Flood control, navigation, and power.
75,000 } 1, 620,
ooo{Power.
100,000
Flood control, power, and navigation.
35,000
100,700,000
Navigation, irrigation, and power.
3,000
20,000,000
Irrigation and power.

b,

758,500

3, 809, 200, 000

seasonal power capability, but not included here.

The operating characteristics of the proposed hydroelectric developments will be such as to provide somewhat more seasonal power
during the irrigation season than will be required for all irrigation
pumping contemplated.
As used herein, the term "firm power"
refers to power in excess of pumping requirements, and available
continuously for commercial or other uses. Basic information with
respect to five generating plants to be devoted chiefly to seasonal
production of power for pumping is given below.
Hydroelectric power plants

to be operated for seasonal power

Name of plant, location, and project

Power
head,
(feet)

Miller, James River Diversion, South Dakota ________________________
241
Tongue River, Wyo.t ___________________________________
_.______: ______
1,500
Fort Peck,2 Mo.-Souris and others ____________________________________
125-212
Crosby, N. Dak., Mo.-Souris and others ______________________________
98
Des Lacs, Mo.-Souris and others ______________________________________ 158
Total.---------------------------------

_________________________
----------

Installed
capacity
(kilowatts)

Seasonal
output
(kilowatthours)

141,500
22,000

93,500
71,600
66,667

234, 000, 000
55,000,000
269,500, 000
185,000. 000
165,000, 000

396,267

908, 500, 000

t Will also yield annually 20,000,000kilowatt-hours of firm power corresponding to a firm-power capacity
of 3,000kilowatts.
r Will also yield annually 100,700,000
kilowatt-hours of firm power, corresponding to a continuous output
of 11,500kilowatts.

Three of the above-listed plants-Miller,
Crosby, and Des Lacswill be located at drops in canals, and will operate only during irrigation seasons to furnish power for pumping. They will yield some
surplus seasonal power, which will be absorbed into the regional
system.
Summarizing: The total installed capacity in plants of all types
will be 1,154,767 kilowatts; the total annual generating capacity,
firm and seasonal, will be 4,717, 7C0,000 kilowatt-hours, and the plant
factor for the system will be 46.6 percent.
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At some time in the future, for the purpose of supplementing the
seasonal output of the hydroelectric plants and making available more
firm power, or for the purpose of furnishing power for construction or
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stabilizing the system, a steam plant may be justified. Adequate,
cheap coal is available for such a plant.
Trans-mission lines.-Without
attempting to fix final routes or
substation locations, a tentative "backbone," high-voltage tr~ns-
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mission_ system ha~ been laid out, conn~cting the various proposed
generatmg plants with one another, and with proposed pumping plants
and existing commercial load centers. The tentative transmission
grid and existing power systems in the region are shown on map
No. 58-D-495, opposite this page. Marketing lines, to serve small
communities and rural distributing systems, would be added as
needed.
Power market forecast.-During
the period 1926-41, the average
annual per capita domestic use of electrical energy in the region rose
from 363 kilowatt-hours, to 911, while that in the United States
increased at almost exactly the same rate, from 408 to 1,018. The
growth took place at the rate of 6 percent, compounded annually.
With .electricity accessible to more people, and probably at lower rates,
the growing use of household conveniences is expected to bring the
average residential consumptive rate to 3,000 kilowatt-hours per
year. The annual consumption per worker is expected to reach
5,000 kilowatt-hours on farms, 20,000 in mines, 15,000 in manufactures, and 3,000 in commerce.
The estimates as to future use give consideration to the trend indicated by past growth as well as to the accelerations to be expected as
a result of the proposed irrigation development. The rate of growth
has varied from place to place in the region-in the 1926-41 period,
from 2.75 percent in Montana to 8.1 percent in North Dakota. At
the conservative rate of 3.7 percent, compounded annually, the annual
regional consumption should increase 4,833,000,000 kilowatt-hours by
1960, and 10,764,000,000 by 1980, bringing the total annual consumption to 14,150,000,000 kilowatt-hours.
The irrigating of land sufficient to support 636,000 new residents in
the towns and on the farms of the region should furnish a new annual
load of 1,474,334,000 kilowatt-hours for the proposed system, or about
14.5 percent of the increase expected.
Of the 1,500,000,000 kilowatt-hours generated in fuel-electric plants
in 1941, it is estimated that 900,000,000 came from high-cost plants
approaching obsolescence. During the first decade of operation of the
proposed hydroelectric plants, they should be expected to take over at
least 500,000,000 kilowatt-hours of that load.
Load forecast-Summary

of energy requirements

[Millions of kilowatt-hours]
Region
Load increase

Year
Total load

1940
-- _______-- ______-- _· ---- -- _______----- --- ___-- __-- ___-- __
3,386
195()________
________________________________________________________________
5,216
196()________________________________________________________________
_
8,219
1970________________________________________________________________
_
11,360
1980________________________________________________________________
_
14,150
1
2

This column shows the load increase for each io-year interval.
This column includes the accumulative total load increase from 1940.

For 10
years 1

1,830
3,003
3,141
2,790

Accumulative
total 2

1,830
4,833
7,974
10,764

---~..;;:t-

"'"

_______j__

98878 0 - 44

(Fae-;; p. 138)
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Load forecast-Summary

of energy requirements

[Millions of kilowatt-hours]
Wyoming

Montana
Load increase
Year
Total
load

1940_______________
1950__------------1960_______________
1970_______________
1980_______________

For 10
years 1

1,800
2,200
2,750
3,300
3,900

Accumulative
total 2

---------- ---------400
400
550
550
600

Year

950
1,500
2,100

1940________________
1950______________
-1960________________
1970________________
1980________________

I
Total
load

For 10
years 1

153 ---------285
132
550
265
1,050
500
2,000
950

I

Load increase
Total
load

1940_______________
1950__------------1960_______________
1970_______________
1980_____________
:_

For 10
years 1

780
1,410
2,340
2,340
3,900

630
1,560
2,460
3,120

I

Year
Total
load

A.ccumulative
total 2

---------- ---------630
930
900
660

1940_________- - - - - -1950________________
1960________________
1970________________
1980________________

1940_______________
1950_______________
1960_______________
1970_______________
1980_______________

212
450
960
1,320
1,510

397
897
1,847

Accumulative
total 2

---------282 ---------282
422
370
155

704
1,074
1,229

North Dakota a

Load increase
Total
load

---------132

Load increase
For 10
years 1

306
588
1,010
1,380
1,535

South Dakota

Year

Accumulative
total 2

Northwest Iowa and south
west Minnesota

Nebraska

Year

Load increase

Load increase
Year

For 10
years 1

---------238

Total
load

Accumulative
total 2

---------238
510
748
360
1,108
190
1,298

1940________________
1950________________
1960________________
1970________________
1980________________

135
283
609
1,070
1,305

For 10
years 1

Accumulative
total i

------------------148
148
326
461
235

474
935
1,170

1 This column shows the load increase for each 10-year interval.
'This column includes the accumulative total load increase from 1940.
• Excludes northeastern part.

Financial aspects.-The greater part of the Missouri River Basin is
in an area of high power costs. The production costs of the more
efficient fuel-electric plants, excluding capital charges, range from 5. 6
to more than 6 mills per kilowatt-hour.
Estimated production costs
in the most modern high-efficiency fuel-electric plants would vary
from about 5 mills in a 50,000-kilowatt plant to about 7.6 mills in a
10,000-kilowatt plant.
.
Three kinds off uel, natural gas, oil, and coal, are available in various
parts of the region. Gas and oil have been excluded in making estimates and comparisons, because they are high in cost, and their use
for power generation is likely to be restricted as a matter of conservation of strategic resources. Coal mined in the region ra.nges from
lignite having 5,500 British thermal units per pound to bituminous
coal of more than double that heat value. Costs of solid fuel, deliv-
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ered (1938), varied from 8.6 cents per million British therm~ units in
the North Dakota lignite fields to as much as 22.5 cents 1n s?u~hwestern Minnesota. The general range was 16 to 20 cents per million
British thermal units.
It has been assumed that firm power would have to be delivered at
an average price not greater than the average cost of ge~eration (wit_h
no capital charges), to induce utility systems to purchase hydroelectric
power and liquidate their plants, beginning with the obsolescent and
low-efficiency units. On the basis of the above-indicated production
costs, it appears that a large proportion of those agencies operating
fuel-burning plants would find it profitable to purchase power at average rates as high as 5 mills per kilowatt-hour.
Construction costs, allocations, and expen8e.-Tbe costs of facilities
to be used in the production of firm power, and the distributions of
such costs, are summarized in the following table, in which 1940 costs
were used.
The 17 plants listed fall into 3 classes. Eight of the plants are regarded here primarily as power projects, and the .costs of dams, reservoirs,
and power plants have been charged to power. Two plants, one at
Fort Peck and one on the Tongue River, will be used chi~fly to generate power for pumping, but each will yield some firm power. The
costs of those two power plants are divided, an appropriate part being
charged to power. Seven plants will furnish both firm and seasonal
power.
Hydroelectric plants to be ·operatedfor firm power
(Construction costs, allocations, and annual costs, Jan. 1, 1940, basis]

Na.me of plant

Xortes ...............
:~~!~~:::== ==========

Installed
capacity,
kilowatthours

Annual
generation,
kilowatthours

Construetion cost,
dam, reservoir, and
power
plant

30,000
162,000,000 $5,545,000
8,202,000
10,000
56,900,000
30,000
139, 300, 000 12,053,000
75,000
332,000,000 30,289,000
50,000
263,000,000 12,278,000
12,000
71,000,000
8,300,000
60,000
350, 000, 000 14,177,000
3,433,000
20,000
109, 500, 000
7,419,000
30,000
166,500,000
149,800,000 11,025,000
35,000
146,900,000
4,600,000
20,000
23,500
2,498,000
121, 000, 000
150,000
72, 800, 000
75,000 } 1,620,600,000 {26,000,000
55,700,000
100,000
3,5,000
100, 700, 000 10,963,000
20,000,000
2,375.000
3,000

Allo,cated costs

Other

Power

(1)

$5,545,000
2,966,000
4,271,000
10,105,000
7,814,000
8,300,000
14,177,000
3,433,000
7,419,000
2,275,000
4,600,000
2,498,000
24,050,000
26,000,000
18,200,000
2,500,000
775,000

$5,236,000
7,782,000
20,184,000
4,464,000

Production expense
Operation and
maintenance
$[;2,000
3-2,000
48,000
75,000
70,000
35,000
98,000
55,000
62,000
45,000
46,400
125,000
113,000
100,000
60,000
25,000

YellowtaiL ..........
Mission._ ............
(1)
Hunter Mountain ....
(1)
Thief Creek..........
(1)
Sunlight Creek .......
(1)
Bald Ridge ..........
Canyon Ferry ........
8,750,000
(1)
Portage ..............
(1)
Lyon ................
_
Oabe.................
48,850,000
(1)
Big Bend ............
Fort Randall .........
37,500,000
Fort Peck , ..........
8,463,000
1,600,000
Tongue River'·······
Total ..........
758,500 3,809,200,000 287, 657, 000 142,829,000 144,928,000 1,041,000

}

Replacement
reserve

{

$48,000
16,240
26,620
44,750
44,430
66,000
113,000
27,470
60,000
90,000
36,800
20,000
103,500
200,000
72,000
26,000
10,300

1,005,110

1 None.

'Power plant only, does not include reservoir or dam, prorated in proportion to "firm" or seasonal power.

SUMMARY·
Total construction cost. ...... _.. _.... _.......................
_..... _....... _... _._. __.......
Total power allocations ......................................................................
ercent of tota_lcharged to power._ .. ··-·· ......................................
__...........
nnual operation power plants .............................................
_____............
Annual replacement reserve to power plants.................................................
Annual share multipurpose operation and maintenance to power plants......................
A~ual share multipurpose replacement reserve to power plant_ ................
_............

1

"" Total annual expense charged to power plant .......

_................

____._............

$287, 657, 000
$144, 928,000
50. 4
$1,041,000
$1,005,110

$200,000

$200,000

$2, 446,110
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r_i;hesummary table includes, as annual expenses, operation and
mamtenanc~ costs and reserves for replacement. In a summary
presented with the table, they are combined with two yearly allowances
of $200,000 each, one for operation and maintenance and one for
replace~ents of facil_ities outside the powerhouses, used in power
production. That brmgs the total annual production expense charged
to power to $2,446,110 .
. The co~t of ~he 1;Jltimate_transmission system, including marketing
Imes, ~am switching stations, and step-down substation facilities,
~as estrmated at_ $68,000,0_00, or approximately $90 per kilowatt of
ms~alled generatmg capacity. The annual charges for operation,
maintenance, and replacements on the transmission system were
estimated as $1,870,000.
Physical and Economic Character

In its soils, to a large extent in many of its physical characteristics,
and almost wholly in its. economic nature and condition, the Missouri
Basin is what it is because of its climate, principally because of its
low and variable rainfall. In this section of the report, the Basin is
described and its salient features are summarized briefly, its economic·
history and character are discussed and illustrated in some detail, and
its future is forecast.
FOREWORD

1

The area of the Missouri Basin is about one-sixth that of continental
United States, or more than 10 times the size of the State of New
York. The basin occupies all of Nebraska, and portions of 9 other
States. The larger part of the basin lies within the Great Plains, in
the States of Montana, Wyoming, Colorado, North Dakota, South
Dakota, Nebraska, and Kansas. Parts of the basin, outside of the
Great Plains, include a small area in extreme southwestern Minnesota,
the drainage basin of the Iowa tributaries of the Missouri River in
the State• of Iowa, and the drainage basin of the main stem of the
Missouri River and its tributaries in the State of Missouri. The
Missouri Basin extends across the international boundary into
Canada, in a northward extension of the Great Plains.
The Lower Missouri subdivision of the Missouri Basin has a climate
ranging from subhumid to humid. The other five subdivisions of
the basin lying within the Great Plains region have climates ranging
from subhumid to arid. The Great Plains are what they are because
of the character of the Great Plains climate. The climate cannot be
changed, but its adverse effects can be modified through the conservation, control, and effective use of all available supplies of surface
and ground waters. The greatest single source of water within the
basin, which is not now being conserved, controlled, or effectively used,
is the Missouri River and its tributaries.
Shall the waters reaching the Missouri River be used fully for beneficial purposes? Shall this mighty stream be controlled in all parts of
its course? Can the Missouri River be made a resource capable of
multiple uses? The Department of the Interior offers an affirmative
answer to these questions in a comprehensive and unified plan for the
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beneficial use of Missouri River waters, consisting of conservancy
works which will actualize the greatest procu~able economic_ and
social gains for the entire basin. The plan considers the magmtude
and character of the problems which the people of the Basin have
encountered and are likely to encounter in the future, and the Nation's
stake in their solution.
The Great Plains portion of the Missouri Basin has a relatiYely
low average rainfall and a relatively •high evaporation rate, h~nce,
under virgin conditions, they were covered with grass. As agr1cul-
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ture has advanced across the Plains, more and more of the native
grass has been turned under in this conversion to farming. The men
and women who peopled the Plains brought with them a background
of experience in lands of greater humidity, or if they came from drier
parts of the world they came poorly equipped to cope with the problems which arose in this new land. They tried to impose their ways
of farming on this new land, and the land fought back, and often
defeated their unadapted methods. It has taken several generations
to create a regional and national awareness that the Great Plains are
what they are because of the climate.
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. Nature covered. the _Pl~ins with perennial grasses, natural vegetatH?n most econonncal _m its use of water, and capable of remaining
ahve thr?ugh Ion~ periods of drought anq of renewing its growth with
the commg of ram_. The annual crops mtroduced by man, particularly the small &"rams,must make their growth with rain which falls
durmg the growmg season, or must draw upon reserves stored in the
soil, or upon outside reserves carried to the fields from an irrigation
ditch.
Because extreme variations in the amount and distribution of the
rainfall are inevitable, Plains farming and ranching will always require
reserves of water, feed, and finances. Climatic variability in the
Plains leads to peaks and valleys in the curve of production. Most
of the valleys in the curve of production are caused by drought and
its invariable concomitants, low yields, crop abandonment, and frequently devastating destruction by insect hordes. Any comprehensive system of dealing with the economy of the Plains must provide
for handling the problems which arise in times of "peaks" and in times
of "valleys", either through individual or concerted action, or through
both.
1
The historical method of handling these problems, in the period
since farming began in the Plains, has been a chain of events occurring
in the following order:
1. Expansion of crop acreages to meet the impact of low yields,
crop abandonment, and low prices-in short, an effort to
maintain the level of production and of income.
2. Putting under the plow land unsuited for farming or better
suited for grazing.
3. Alternating periods of agricultural advance onto the drier
parts of the Plains and of retreat from them.
4. Extensive migration of the farm population out of the Plains,
and an internal migration within the Plains, into cities and
villages.
5. Extensive use of relief funds of both Federal and State origin.
The end result of this course of events has been destructive, negative,
or temporary.
Slowly but surely, the hard years are leading the Plains toward
constructive, positive, and permanent solutions. To assume that
such corrective measures can reach all of the land and all of the people
of the Basin in the same degree and at the same time is Utopian.
There is not enough water in the Missouri River to irrigate the entire
basin, but there is enough to create hundreds of islands of safety,
some stretched like necklaces of narrow ribbons along streams in the
basin; some larger blocks created by the diversion of available waters
to irrigable areas. These zones, or islands of safety, and the large
blocks of irrigated land will perform and are performing a fourfold
function for the Plains:
(1) They will provide a safe type of agriculture for th~ ~ands
irrigated, capable of supporting 53,000 average farm ~amilies of
4 each-American
citizens deserving a satisfactory hfe on the
land-and about twice as many city and village people, or 106,000
families of the same average size.
(2) They will provide supplementary feeq and forage f<?rthe
adjacent "dry-land" farmers and ranches-m short, feed msur-
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anc_efor a substantial proportion of the l~ve~toc~ of the Plains,
thus reducing the necessary degree. of hqmdation of v8:luable
livestock in drought years, and makmg unnecessary the rmportation into the area of high-~ost roughages.
.
(3) The irrigated areas will provide 8: steady flow of. highvalue agricultural products, the processmg and conversion of
which will create both seasonal and year-round employment.
The larger irrigated areas and regions already established have
become prosperous centers for the extraction of sugar from sugar
beets; for the canning, refrigeration, and dehyrdation of fruits
and vegetables; for the manufacture of butter and cheese; for the
freezing and dehydration of eggs, and for the processing and packing of livestock and poultry. An additional 4,760,400 acres, put
under irrigation, will provide high quality foods needed by the
Nation's increasing population.
(4) They will provide a land-use situation that will help stem
the present tide of urbanization by throwing out into the area a
series of life-lines, which will help hold a stabilization line below
which the proportion of rural population in the area may be kept
from falling.
The additional electrical energy which will become available to both
rural and urban people in the basin, as the result of power created
incident to providing water for irrigation, will supply an integrating
and stabilizing influence not yet widely available in the basin. Facilities within the home, now commonly accepted as minimum essentials
in modest homes in small towns, are still not available to the majority
of rural homes in the l\fissouri Basin. The rural home and its farm
buildings need labor-saving electrically driven devices, as well as
safe electric lighting and heating. Tpe pos~ible uses of electricity
on the farm are legion, but its wider use will not be limited to farms,
for the urban communities and industries within the area will be large
consumers.
.
Because ground water supplies within the Missouri Basin are usually
inadequate to meet the large demands of urban centers of population,
growing cities find that they have had to turn to the Missouri River
and its tributaries to get sufficient water for ipdustrial purposes, for
dilutip.g and transporting -sewage, for fire •protection and street
cleaning, for potable water, and for a wide variety of other uses. These
waters are, with the exception of the mountain streams in the upper
reaches of the basin, so heavily, charged with clay and silt that expensive clarification is necessary. Sewage discharged into streams of
uneven flow frequently creates serious pollution conditions in years of
reduced flow, unless reserves of water for further dilution are available.
This latter condition has frequently arisen in those stream basins of
the Dakotas into which it is proposed to divert Missouri River
waters, namely, the James, Sheyenne, and the Red River of the North.
When potable water supplies are drawn from the same streams, the
necessity for greater dilution of sewage is even more obvious.
The Great Plains may be likened to a great mine of refractory
ores essential to the industrial welfare of the Nat.ion. When industry
uses these ores, steps are taken to beneficiate them-to ·use a term
frequently employed by chemical engineers. The ore ~s treated
physically so that a better yield of the desired metat can be secured,
or if of very low quality, chemical means are employed to extract the
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last ounce of value from it. So, too, must the soil of the Great Plains
be beneficiated. The stores of plant-building constituents within them
are abunda~t, and readily yield.to the beneficiating influence of water.
Fortunately for tbe Plains, its principal wealth-yielding ore, the Roil,
rarely needs chemical beneficiation as do the soils of more humid
regions. The soils of the Plains yield their wealth upon simple
treatment with water. In the program submitted herewith for the
improvement of large areas of the soils of the Missouri Basin, power, a
byproduct of the process of beneficia-ting the soil, becomes available
to beneficiate the products of the soil through furnishing the energy
to convert them into useful products needed by the entire Nation.
Snow that falls in the Rockies waters a sugar beet growing luxuriantly
on hitherto unproductive land, and drives the machinery in a factory
which converts that raw product into lumps of sugar for the cup of
coffee that appears on a New York breakfast table.
LOCATION,

ELEVATION,

AND AP,EA

The Missouri River Basin lies between the thirty-seventh parallel
of north latitude, which crosses its southernmost extremity near the
headwaters of the Osage River, a tributary of the Missouri River in
the State of Missouri, and about 49° 30' north latitude, which is the
northern limit of an extension of the basin into Canada. Its easternmost point, near St. Louis, Mo., is at 90° west longitude, and its
westernmost point, in Beaverhead County, Mont., lies at about 114°
west longitude.
The mouth of the Missouri River, the stream which provides the
drainage for this region of the United States, is about 400 feet above
sea level. The general slope of the main stem of the Missouri
River from its mouth to Three Forks, Mont., where the Madison,
Jefferson, and Gallatin River unite to form the main stem, is shown
in the following table of observations reported by the Corps of Engineers, United States Army, in House Document No. 238, seventythird Congress, second session:
Missouri River low-water slope data
Locality

.

Miles
above
mouth

Read of river ________________
~ _____________________________
•__________
_
2,546.3
Read of Long PooL ________________________________
._________________
_
2,384.0
2,333.4
Great Falls, foot of Long PooL _______________
·----------------------2,322.0
Foot of Great Falls ____________-------------------------------------Portage Coulee _________________________________
'___________________
~ __
2,314.5
Fort Benton, MonL ________________________________________________
-_
2, 28·'-8
Foot of Crow Island _________________________________________________
2,155.0
Williston, N. D ______________________________________________________
_
1,720.1
Bad River, Fort Pierre, S. Dak .._____________________________________
_
1,172.6
807.5
Sioux City, Iowa ___-------------------------------------------------Plattsmouth, Nebr __________________________________________________
_
633.6
Nebraska City, Nebr ________________________________________________
_
607.7
Kansas City, Mo ____________________________________________
- ·------390. 7
0
Mouth of river _____--------------------------------------------------

Elevation
(above
mean sea
level)
4,026.0
3,333.6
3,311.3
2,898.8
2,758.8
2,615.8
2,282.0
1,828.0
1,414.2
1,080.6
941. 9
910.0
720.2
398.5

Slope fn
feet per
mile
4.27
. 44

----------------4.81
2.57
1.04
. 76
. 91

.80
1. 23
.87
.82

----------

Rising from an altitude of about 400 feet above sea level, the approximate elevation of the flood plain near the mouth of the Missouri
River, the Missouri Basin extends to the crests of snow-capped
mountain peaks· in the Rockies in Colorado, Wyoming, and Montana.
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The drainage basin falls into four fairly well defined belts or regions,
with respect to elevation above sea level. Most of the basin of the
main stem of the Missouri River in Missouri, and of its branches in
that State, the Osage and Gasconade, lie at an altitude of from 500
to 1,000 feet. To the west and north of the area, occupying the es st
half of Kansas and Nebraska, and parts of North and South Dakota,
east and north of the Missouri River, lies a broad strip, rising from
1,000 to 2,000 feet in altitude at its western limit. To the west of
this 2,000 feet elevation lies a higher belt of an altitude of from 2,000
to 4,000 feet, occupying practically all of western Kansas, all of
western Nebraska except the western two-thirds of the Panhandle of
that State, western North Dakota, western South Dakota except the
higher Black Hills, and most of the Yellowstone and Upper Missouri
Basins in Montana.
West of the 4,000 foot contour is a belt from 4,000 to 6,000 feet
high, occupying the larger parts of the basins of the tributaries of the
Missouri in northeastern Colorado, the western two-thirds of the
Panhandle of Nebraska, and almost all of the drainage basins of
tributaries in Wyoming, includin~ the upper reaches of the Cheyenne,
North Platte, Niobrara, Powder, and Big Horn Rivers. The headwaters of the North Platte and of the Big Horn Rivers lie in an area
whose elevation ranges from 6,000 to 12,000 feet.
Area of Missouri Basin and of its subdivisions

Missouri Basin subdivisions

Square
miles

Percent of
total land
area of
United
States

Upper Missouri_ _______________________________________________________________
_
80,000
Missouri, Fort Peck to Sioux City ______________________________________________
_
73,800
Yellowstone ____________________________________________________________________
_
70,400

2. 7
2. 4
2.3

Minor western tributaries:
Little Missouri_ ____________________________________________________________
_
9,500
2,600
Knife ______________
-_- ------ --------- --- --- ----------------- - -------- -- -- --- 3,362
Heart ___________
---_---·-- -------- ---- -- ---- ------------ ---- --- -------- -----Cannonball_ ________________________________________________________________
_
4,300
Grand ______________________________________________________________________
_
5,7~
5, 3
Moreau _____________
-- __---- --- ---------------------- ------------ --- -------Cheyenne __________________________________________________________________
_
25,500
Bad ________________________________________________________________________
_

-----------------------------------------------------------------------------3,120 -----------10,200 ------------

White ______------- -- -- --- - ----- ---- -- --------- ------ ---- --- ---------------- 1----1---Total of minor western tributaries ________________________________________
_
69,642

2.3

l====I====

Niobrara _______________________________________________________________________
_
12,400 -----------85,500 -----------Platte _______________
- ------ -- ---- -- -- -- -- --------------- ~ ----------- ----- ------ Kansas _______________________
-- -- -------------- ---- ------------- ------ --• - -- ---.
61,400 -----------Total of Niobrara, Platte, and Kansas ____________________________________
_
159,340

5.3

l====I====

Total of area exclusive of Lower MissourL _______________________________
_
453,182
Lower Missouri_ _______________________________________________________________
_
75,815

15.0
2. 5

Total, Missouri Basin ____________________________________________________
_
529,000

17.5

For the convenience of those who visualize the several parts of the
Missouri Basin by States rather than by the less well-known basin
subdivisions, which frequently extend across more than one State;
the following summary statements describing the topography, soils,
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climate, natu~al vegetation, agricul~ure, mineral resources, manufactures, and commerce are arranged m five groups:
I. Montana and northern Wyoming.
II. Western Dakotas.
III. Eastern Dakotas.
IV. Southern Wyoming, northeastern Colorado, western Nebraska, and western Kansas.
V. Extreme eastern South Dakota, a small area in southwestern
Minnesota, eastern Nebraska, eastern Kansas, and the
drainage basin of the Missouri River in the· State of
Missouri.
Groups I to III are north of a line extending east and west along
the southern border of South Dakota. Group II is separated from
group III by the 100th meridian which divides the two Dakotas about
evenly. Group IV is roughly separated from group V by the line
between the Oen tral Lowlands and the High Plains, which roughly
divides Kansas and Nebraska into an eastern and a western portion. •
A SUMMARY OF SALIENT PHYSICAL AND E_CONOMIC FACTS ABOUT THE
MISSOURI BASIN,
ARRANGED
BY STATES AND BY MISSOURl
BASIN
SUBDIVISIO_NS

I. Montana and Northern Wyoming.
1. Bas1:nsubdivisions.All of upper Missouri.
All of Yellowstone, except small extension into North Dakota.
Basins of headwaters of "minor tributaries."
2. Topography.-Glacial topography north of the main stem of the
Missouri River, the rest of the region in Montana and Wyoming has an
erosion topography, with many streams dissecting the Missouri plateau,
and cutting intermontaine valleys near the mountain ranges to the west.
Many streams greatly branched in their upper courses. Narrow flood
plains and terraces or "benches" along rivers. High proportion of
land area not tillable.
3. Soil8.-The soils· north of the Missouri River are glacial and lie
on rolling plains not yet greatly dissected. The. soils of the rest of
the area are residual,_ derived from shale, sandstone, and limestone;
mostly chestnut brown, or lighter colored in the surface horizon.
The soils of northeastern Montana are darker colored.
4. Climate.-The
climate is semiarid, except in the mountains,
where there is more precipitation.
Example: In the 40 years, 1900 .to 1939, Miles City, Mont., experienced 2 arid, 25 semiarid, 11 dry subhumid, and 1 moist subhumid
year. In the same period, Havre, Mont., experienced 1 arid year,
24 semiarid years, and 15 dry subhumid years.
5. Natural vegetation.-Short grass, and in drier areas short grass
and sagebrush. The rougher areas, on sandstones, in eastern portions, have thin stands of coniferous trees; thicker stands of conifers
occur in the better-watered mountainous areas, but no large scale
timber. Extensive use of natural vegetation by grazing.
6. Agriculture.-Dry farming to both spring and winter wheat on
glaciated plains and on other level and rolling areas. Extensive sheep
and cattle ranching on rougher and steeper land, with much controlled
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grazing. Livestock feeding and sugar-beet production in many irrigated valleys.
7. Mineral resources.Fuel: Coal, petroleum, natural gas, oil shale.
Metals: Iron ore, chromite, gold, copper, lead zinc.
Other: Bentonite, asbestos, building stone, ra~ material for cement.
8. Manufactures.Processing agricultural products: Extraction and refining of sugar
from sugar beets at Billings, Sidney, Hardin, and Chinook in Montana
and Lovell, Sheridan, and Worland in Wyoming, flour milling vege:
table canning, meat packing.
'
Using mineral resources: P.etroleum refining, cement-making.
•
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9. Oommerce.-Supplying feeder cattle and lambs for eastern
feeders, seed peas for eastern producers for canning industry, alfalfa
seed for eastern growers and export. Primary markets for grains and
livestock. Export out of the area of sugar and other food products.
Export out of the area of oil, gas, aµd coal.
I I. Western Dakotas.
1. Basin subdivisions.North western portion of the Fort Peck to Sioux City subdivision.
Larger part of the Minor Western Tributaries subdivision.
2. Topography.-The Missouri plateau is dissected by the many
Western tributaries with broad plains between the dissected valleys,
and rougher, steeper land nearer the river. Narrow flood plains along
the rivers. Heavily dissected badlands areas in Little Missouri
Basin in North Dakota, and in White River Basin in South Dakota.
Black Hills upthrust in South Dfl,kota.
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3. SoUs.-The soils north of the Missouri River are dark brown
soils of glacial origin, broadly level to rolling. The soils south and
west of the Missouri River are either only lightly glaciated or entirely
residual from shales and sandstones, and are shallower, and in general,
lighter colored than the more northern soils.
4. Olimate.-The climate is semiarid to subhumid; greater precipitation in the Black Hills. Most of the area has little snow. Climatic
record similar in distribution of types of years to that at Miles City,
Mont. (See statement under group I.)
5. Natural vegetation.-Short grass country, much not yet plowed
.under, especially in rougher, stonier terrain. Entire area naturally
treeless, except for conifers in Black Hills and on some sandstone
ridges, and cottonwoods along streams.

--,\1

K
.._.-

-:\

I

·-·--/

:

)

··-··r

~

I

fy

-v

•:o-

:

I

I

·r6r

! •-. ~

>,r~~-~R
~

-.

,

I
1-------------j_

_____________

..~

6. Agriculture.-Spring wheat north of the Missouri River and on
arable areas south of the Missouri River. Wheat and livestock farming combinations common, with sheep and cattle ranches on the
!ougher ter!ain. _Belle Fourche irrigation project, in South Dakota,·
m Black Hills region, produces sugar beets.
•
7. Manujactures.-One beet sugar factory at Belle Fourche, S. Dak.,
brick and tile factory at Hebron, N. Dak., cement factory at Rapid
City, S. Dak. Creameries and small flour mills.
8. Mineral resources.-Lignite coal, brick, clay, bentonite, and
sodium sulphate in North Dakota. Gold and other ores, cement
rock, and manganese ore in South Dakota.
9. Oommerce.-Primary markets for grain and livestock; export
outside of the area of sugar, butter, brick, tile, lignite coal, and
cement.
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I I I. Eastern Dakotas.
1. Basin subdivision.-Fort Peck to Sioux City.
2. Topography.-A glacial topography of level to gently rolling
plains, in North Dakota and over about two-thirds of the terrain in
South Dakota. The few sluggish little branched rivers have not
dissected their valleys much beyond the dissections made by the
greater water supply which cut the valleys during and immediately
following the recession of the glaciers.
3. Soils.-The soils are derived from glacial material. They are
largely dark brown to black because they are well provided with
organic matter, which decreases in amount and depth from east to
west.
4. Climate.-The climate is subhumid-almost
humid in southeastern South Dakota, where the summers are warmer. During a 35year period at Jamestown, N. Dak., there were one arid year, 5 semiarid years, 13 dry subhumid years, and 15 moist subhumid. years.
5. Natural v~getatio?7,.-The ori~inal natural vegetation was largely
tall grasses mixed with some mid-tall grasses, now practically all
plowed under, except on a few stony, or poorly drained areas. Elms,
ash, and box elder, fairly common close to larger streams, but in thin
stands.
6. Agriculture.-The agriculture is mixed cash crop, small-grain
farming and livestock raising in North Dakota, and corn, spring
wheat, and livestock production in South Dakota. Potato production is rising in importance.
7. Mineral resources.-Mineral resources within this area are limited
to gravel and building stone.
8. Manufactures.-The leading manufacturing enterprises are meat
packing, buttermaking, and flour milling.
9. Commerce.-Primary and terminal markets for grain and live-stock, export of food products to rest of Nation, extensive wholesaling
of farm machinery and supplies to dealers throughout small-grain
areas of the basin.
IV. Southern Wyoming, Northeastern Colorado, Western Nebraska and
Western Kansas.
1. Basin subdivision.-The western half of the Niobrara, Platte,
and Kansas Basins.
2. Topography.-The topography is an erosion topography, largely
within the drainage basins of the western reaches of the Platte and
Kansas Rivers. The slope of the High Plains, 'in Colorado and
Wyoming, is a gentle one from the foothills of the mountains to the
junction with the somewhat similar western table lands of Nebraska
and Kansas, which themselves gradually merge into the Low Plains
of central Kansas and Nebraska. The great Sand Hills district in
north central and central western Nebraska is a country of rolling
wind-blown sand, now largely stabilized by grasses, lying over a
rough hilly base of eroded bedrock. Swift mountain streams in the
western portions of the area drain eastward into slowly movmg
streams of shallow water.
3. Soils.-Northern
dark brown soils are the principal soils in this
subdivision, except for the great body of wind-blown sands in the
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Sand Hills region of Nebraska. The soils centering around Greeley
and the upper branches of the South Platte are largely brown soils.
Large areas of residual soils occur on the High Plains, with broad
strips of recent alluvial soils and older terraces along streams.
4. Climate.-The climate is semiarid to subhumid in western Nebraska and Kansas, largely arid to semiarid in Wyoming and Colorado.
Cheyenne, Wyo., had in the 40-year period, 1900-39, 11 semiarid
years, 25 dry subhumid years and 4 moist subhumid years. In
general,. the annual precipitation of the western half of this area is
from 14 to 16 inches, and of the eastern half from 17 to 20 inches.
Cheyenne represents about a median condition.
5. Natura,l vegetation.-Short grass on eastern edge, mixtures of
short grass and sa.gebrush on high plains, and often sagebrush alone.
Foothills have some pine and cedar. Shrubs along water courses.
6. Agriculture.-Dry farming to winter wheat and grain sorghums
on the High Plains. Livestock ranching on rougher terrain and near
mountains. Livestock feeding, sugar beet raising, and vegetable
production on irrigated areas.
7. Mineral resources.Fuel: Coal, petroleum, natural gas.
Metals: Gold, silver, iron ore, tungsten ores, lead.
Other: Ceramic clay, bentonite, cement rock.
8. Manujactures.-Minin.g; manufacturing of agricultural machinery, beet sugar, ceramics, including chemical ware, table ware, ornamentals, brick and tile, meat packing, flour milling, butter making,
petroleum refining, cement making.
9. Commerce.-Primary and terminal markets for grain, livestock,
and livestock products. Exports out of area sugar, flour, meat, fuels,
precious meta.ls, and ceramic ware. Supplies machinery for farms and
mines in High Plains and mountain area of Nation.
V. Extreme eastern South Dakota, small area in southwest Minnesota,
eastern Nebraska and eastern Kansas, western Iowa, and drainage basin of Missouri River in State of Missouri.
1. Basin subdivision.-Lower Missouri.
2. TopQgraphy.-Almost all glacial except portions of Kansas and
Missouri. The terrain near the Missouri River has been modified by
thick deposits of loess, now prominently exposed in the river bluffs;
the remainder of the area consists of dissected plains.
3. Soils.-The glacial and loessial soils were once covered with a
prairie vegetation. Large tall grasses created black-earth soils in the
more northern reaches of the area and black to dark brown prairie
soils in the more southern reaches. The rougher terrain in the more
eroded parts of Missouri was formerly covered with forest, hence,
soils formed under such conditions are lighter colored.
4. Climate.-The climate i~ humid to subhumid. Topeka, Kans.,
in a typical location representative of much of the area, had 1 semiarid year, 8 dry subhumid, 18 moist subhumid, and 13 humid years
in the 40-year period, 1900-39. Fremont, Nebr., also in a moist subhumid situation, had 1 semiarid year, 12 dry subhumid, 18 moist
subhumid, and 9 humid years in the same period. Western Iowa and
the Missouri part of the area are on the average more moist than the
remainder of the area.
98676-44-11
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5. Natural vegetation.-The natural vegetation was tall grasses,
with forests in narrow belts along streams. Very little natural
vegetation of either prairie type or forest type remains.
6. Agriculture.-Corn Belt type, highly diversified, with emphasis
on the feeding of livestock, and dairying. Hog production and
poultry and egg production are important.
7. Mineral resources.-Coal.
8. Manujactures.-Extensive
heavy to semiheavy industries, supp:ying construction trade, farm machinery trade; extensive meat
packing, flour milling, much butter making; soybean and flaxseed
crushing.
9. Commerce.-Great terminal markets for grain and livestock.
Business services much of the agricultural economy of the entire
Missouri Basin, particularly the southern two-thirds. Processed
agricultural products shipped to easter~ centers of population.
THE

PEOPLE

OF THE MISSOURI

BASIN

Population movements in the Missouri Basin States.-The movement of white people into the Missouri Basin States began with the
agricultural occupation of a small part of Missouri about the beginning of the nineteenth century. By 1810, that State had a population of 19,783. By 1819, a land boom had struck the area near St.
Louis. Population spread from Missouri to Kansas and Nebraska
at a comparatively slow rate until the passage of the Homestead Act
in 1862, and the reaching out of the railroads, brought the landhungry to the West in great numbers-a transcont:nental railroad
was created by 1869, when the Union Pacific, building out from
Omaha, joined with the Central Pacific at Promontory, Utah. The
other transcontinental railroads followed in swift succession.
The settlers who populated the Plains States experienced droughts
and grasshoppers in the sixties and seventies, but between 1880 and
1890 a relatively wet period ensued so that population increased.
Kansas increased its population 43.4 percent between 1880 and 1890;
Nebraska, 134.9 percent; South Dakota, 254 percent (the biggest
jump in both percent and total number in the history of South
Dakota); North Dakota, 417.4 percent; Montana, 265 percent (the
biggest jump in both percent and total number in the history of the
State); Wyoming, 200.9 percent; and Colorado 387.5 percent (also
the biggest jump in both percent and total number in the history of
the State).
•
The Works Project Adminjstration guide "Kansas-A guide to the
Sunflower State (1939)" states, "In 1889, approximately 50,000 Kansas
settlers moved to the newly opened land in Oklahoma, leaving the
Plains virtually abandoned."
A similar publication about Nebraska
states, "The rains continued and the crash held off until 1890. Then
drought set in; pastures and fields were scorched by winds; the cattle
industry was ruined. All but 2 of the next 10 years were dry, and for
5 years there were no crops at all in some sections. * * * In the
year 1891, about 18,000 prairie schooners trundled over the Missouri
River and out of Nebraska."
(From "Nebraska, a Guide to the
Cornhusker State, 1939.")
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Kansas slightly more than maintained its population during the
dry nineties (increase only 3 percent from ·1890-1900); Nebraska
practically stood still (increase 0.3 percent); South Dakota showed a
small increase (15.2 percent); North Dakota a larger increase both
in total number and percent (67 .1 percent); Montana increased by
20.3 percent; Wyoming, 47.9 ·percent; and Colorado, 30.6 percent.
In the decade between 1930-40 there came return to drought conditions. The catastrophic droughts of 1934 and 1936 reduced population in four of the Plains States, and slowed up the rate of increase
in the other Plains States. Certain areas in North Dakota, such as
the strictly rural farm population of Missouri-Souris area in that
_State, lost 28.7 percent of its people in the decade 1930 to 1940, equal
to 1,000 families of 5 each.
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The financial losses entailed by loss of population are reflected in
abandoned farms, abandoned towns, and unused properties. The degree of human misery experienced in the attempt to- use lands inadequately watered cannot be reckoned.
,
Under the impact of World War II, a tremendous proportion of the
youth of the Plains has entered the military services or the war industries. Most of them grew to manhood and womanhood during the
disastrous thirties. With the cessation of hostilities, many of them
will desire to return to the Plains and to establish homes on the land.
A recent, still incomplete, survey, conducted bv a private organization in North Dakota, indicated that of 3,184 soldiers from some 27
counties of that State about 85 percent wanted to farm when discharged, and that nearly half wanted to buy land. Shall they have

156

MISSOURI RIVER BASIN

access to..-,goodland-to well-watered lij,nd-to agricultural units of
sufficient productive capacity on which to rear families according to
a decent standard of living? The answers rest with the will of the
people.
.
Seventy yea1·sof population growth in the Missouri Basin States.The census of 1870, taken just 70 years before that of 1940, is the first
census which includes all of the States now organized in the Missouri
Basin. Three of them, Montana, North Dakota, and South Dakota,
were not admitted to the Union until 19 years later (1889), and a
·fourth, Wyoming, became a State in 1890. The rapid rate of growth
,of the younger States, and the relatively slower rate of growth of the
,older States of the Basin is indicated by the size of the multiplier in
the table which follows:
State

Population in
1870

M issourL __________- _________- - - - - - . - - - - - - - - - - - - - - - - - - - - -·- - - - - - - - - - - 1,721,295
Iowa _____________----- ___-- - _- - - - - - --- - - - - - - - -- - -- - - - - - - - - - - - - - - --- - 1,194,020
364,399
Kani:as • ____ - _- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Nebraska*
122,793
39,864
Colorado __________----- - -- ---- - - - -- - - -- -- - - - - - - -- - - - . - - - - - - -- - -- - - - Montana ______----_. ______________- _- _________________- _- __________
20,595
South Dakota• ____________________________________________________
_
11,776
Wyoming __________________________________________________________
_
9,118
North Dakota• ________________- _______________________
- _. __________
2,405

Multiplier

2. 220
2.125
4.945
10. 720
28.190
27.180

54. 600
27. 510
266. 700

Population in
1940 1
3,784,664
2,538,268
1,801,028
1,315,834
1,123,296
559,456
642,961
250,742
641,935

1_The multiplier
used will not give the exact figure in this column because the multiplier has been changed
to nearest thousandth or hundredth.
•
*The 2 older states have slightly more than doubled their population.
The 2 Dakotas show the most
rapid rate of growth.
Four States starred suffered population losses in the decade 1930-40, to wit: North
Dakota, 5.7 percent; South Dakota, 7.25 percent; Nebraska 4.5 percent, and Kansas, 4.3 percent.

Non-white races in the Missouri Basin States.-Most of the people of
the Missouri Basin States are of the white race. The total number of
Negro, Indian, and other races in the basin States, and the proportion
that these are of the total population of the basin in 1940, are shown
below.
Negro

Indian

IOther

Montana ____. _______________________________________________
•_______
1,120
16,841
Wyoming _________________________________________
. _________________
956
2,349
12,176
1,360
Colorado ___________-- ----- ____- -- - ------- - - -- -- - - - - - - - - - - - - -- - ---- - North Dakota _____________________________________________________
_
10,114
201
South Dakota _________-------- ________- _- _____- _-- -- . _- ___-- - _-- - -23,347
474
14,171
3,401
Nebraska ______- _- - - - - - . - . - - - - - - - - - -- - - - - - - - - - - - - - - - - - -~- - - - - - - - - - - 1,165
65,138
Kansas ____-- - - -- - - - - -- - - - - - -- - - ---- - -- - - -- - - - - - -- - - - -- -- -- - -- - - - - - Subtotal. __________________________________________
- _-- ______58,577
94,236
330
244,386
Missouri. ___- - - -- - - - - - - - - - - - - - - -- -- - - - - - - - - -- --- -- - --- - -- - ----- -- -- Iowa--,---_ - - -- -- - - - - - - -- --- - -- - - -- -- - - - ---------- - - - - - ---- - --- - - -- - ____ 16,694 _____ 733 ___
1
1
1
59,640
355,316
Grand totaL . ___________----- - -- ---- --- - --- -- - --- -- - --- -- - - - - t====!=====1====
.47
2.80
Percent of the total population of the 9 States-all
races _____________
Percent of the total population of the 7 States-Missouri
and Iowa
1.
49
.93
excluded-all
races __________-------------------------- - - - - --- - -- -

races
1,027
840
3,258
156
65
638
229
6,213
761
_150
7,124
.06
• 10
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Population of the Missouri Basin.-The
Missouri Basin had 5.18
percent of the total population of the United States in 1940, 7.38 percent of tlie rural population, and 8.26 percent of the Nation's rural
farm population. The people living in the five subdivisions of the
Missouri Basin, other than the lower Missouri, constituted 2.62 percent
of the the total population of the United States and 4.34 percent of the
rural farm population. The people living in the lower Missouri Basin
constituted 2.56 percent of the total population of the United States
and 3.92 percent of the rural farm population.
In the table which follows, the population picture of each subdivision of the Missouri Basin is set forth. The population of the Missouri
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Basin averages about 50 percent, or more, strictly "rural farm", in that
portion of the basin from Fort Peck to Sioux City, in the basins of the
minor western tributaries, and in the basin of the Niobrara. The
population of the Missouri Basin above Fort Peck and of the Yellowstone Basin is approximately evenly distributed in three classes,
urban, rural nonfarm, and rural farm. The location of Denver and
Omaha in the Platte Basin causes the -population of that basin to be
52 percent urb~n. The population of the Lower Missouri subdivision
is 44.4 percent urban-here
the influence of Sioux City, Iowa, and
Kansas City, Kans., and Kansas City, Mo., heavily weights the urban
proportion.
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Total population of the Missouri Basin and of the subdivisions thereof with the
.,
distribution into urban, rural nonfarming, and rural farm peopl~

.

Missouri Basin subdivisions

Total

Rural nonfarm
Urban (commun(communities less
ities of 2,500inthan 2,500,but
habitants or more)
not on farms)
Number

Upper Missouri_ _________________ 247,952
Fort Peck to Sioux City __________ 526,754
Yellowstone ___________________
. __ 212,532
Minor western tributaries:
Little MissourL _____________ 21,532
Knife ___________________
- -_-16,949
Heart ________________________ 34,978
Cannonball. _________________ 20,427
Grand _______________________ 15,037
Moreau. _____________________ 13,858
Cheyenne ____________________ 96,608
Bad ____________________
- ----5,948
White _____
37,410

•

L

__________________

Total, Minor western tributaries ___________________262,747
Niobrara___________________
. __. __
Platte ____________________________49,481
1,298,558
Kansas __________________________
.. 871,186
;.

Total, Niobrara, Platte, •
and Kansas. _____________2,219,225

85,935

Percent
of total

Number

Percent
of total

Rural farm

Number

Percent
of total

34.5
18.7
33.6

89,886
160,723
61,139

36.4
30.5
29.7

32,555

0
0
35.8
0
0
0
33.8

0
4,262

11. 4

7,958
5,474
6,595
7,645
5,982
6,185
32,824
2,485
12,782

37. 0
32. 3
18. 8
32.5
39.8
44. 7
33.9
41. 8
34. 2

13,5'74
11,475
15,859
13,782
9,055
7,673
31,229
3,463
20,366

63.0
67. 7
45.4
67.5
60.2
55. 3
32. 3
58. 2
54. 4

49,341

18. 8

86,930

33.1

126,476

48.1

0
675,751
236,055

0
52.'0
27.1

24,387
267,941
250,613

49. 3
20.7
28. 7

25,094
354,866
384,418

50. 7
27. 3
44.2

911,806,

98,678
71,331

0
0
12,524
0
0
0

0

72,131
. 267,353
80,063

29.1
50. 8
37. 7

-

41. 1

543,041

24. 4

764,378

34.5

1,216,551
1,498,692

35. 1
44. 4

941,986
677,058

37.1
21, 5

1,310,401
1,185,078

37.8
35.1

Missouri Basin ___________________
6,839,766 2,715,243

39.7

1,619,044

23. 8

2,495,479

36.5

Subtotal. __________________
3,468,938
Lower Missouri. _________________
3,370,828

AGRICULTURE

lN THE MISSOURI

BASIN

; Farming and ranching.-Important
as are all of the special uses of
land in the Basin, the national stake in these land uses is but slight
compared to the national concern for the building and preservation
within the basin of healthy, prosperous, and stable farming and
ranching. The certain and continued support of Federal agencies set
up to serve farming and ranching is sufficient proof of the Nation's
fundamental interest in these basic enterprises. The more than
90,000,000 acres of privately owned tillable land, the more than
100,000,000 acres of privately owned grazing land, and the slightly
more than 5,000,000 acres of privately owned irrigated land, making
about 70 percent of the area of the basin, are at the heart of the
national interest in land use in the Missouri Basin. Experience has
proved that there are hazards in the production of crops on the dry
land, and of livestock on the range. The addition of another 4,000,000
or more acres of irrigated land does not remove all of the hazards, but
it does strike directly at lessening them. This comprehensive plan
for the beneficial use of the waters of the Missouri River has incorporated in a series of proposed multiple-purpose units the remaining
irrigable areas, within or adjacent to the basin, which can be adequately supplied with water.
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Land use in the Missouri Basin subdivisions, expressed as percentage of total land area
of subdivision, and compared to percent distribution of land use in the United States

.
Missouri Basin subdivision

Graz- Taylor
ing
grazland
ing
outdistside
district tricts

Tillable
not
irrigated

Irrigated
land

---

---

Upper Missouri_____________
Missouri, Fort Peck to
Sioux _____________________
Yellowstone ________________
Minor western tributaries ___
Niobrara ___________________
Platte ____-- _. - - -- ----- --- - Kansas ______-------- ----- --

---

Na-

tional
forest

---

---

Indian Other
reser- reservations vations

Unreserved Miscel•
public laneous
domain

---

---

---

2.0

19.2

32.8

0
2.6
.1
0
5. 3
.1

44.0
6. 9
15.9
23.0
23. 0
49.3

33.1
1. 9
14.2
6. 2
36.2
10. 6
1. 6
8. 7
59.4
1.1
3.6
11.0
66.8 -------1. 6
4.1
50.2
4.8
.2 -------38. 4 -------- -------- --------

---

Niobrara,
Total,
Platte, and Kansas __

2.9

---

Total, area of development ______,_________

-----

1.1

-----

25. 7

1.8

United States_______________

38.2

I

20.6

6. 6

---

---

2.5

46. 9

=
42. 4

25.O

---

12.4

---

---

.2

=

10.1

.3

---

5.0

4.2

6.5

3.8

4.8

=

2.8

-------

--1. 9

17. 4

.4
.1
2.8
3. 5
.6
1. 6
1. 0 -------.8
20
0
0

14. 3
14. 5
6.7
3. 5
13. 7
12.2

3.9

---

.5

---

1. 5
1.0

1.1
1. 6

=

2. 7

---

-----

12. 4
13.0
30.2

Tillable nonirrigated (or dry) land as used in this table, and in all other tables in pt. I of the report is
calculated from the sum of items A, B, C, D, and E of the following census of agriculture; 1940items for the
counties, and fractions thereof included in the subdivisions. The items .so designated are:
(A) All crop land harvested minus irrigated crop land harvested.
(B) All irrigated pasture land.
(C) All plowable pasture.
(D) All crop land, idle or fallow.
(E) All crop failur~.

LAND USE- MISSOURI BASIN
(LOWER MISSOURI SUBDIVISION OMITTED)

1.8 ~

Irrigated
Tillable

2~.7

Grazed

4&.6

(Not lrriaoted)

-

~
Indian Reservotion-s 4.8 ~
Notional Forests

5.0

Other Reservations

Ir,·;

Other Land

14-.6

.

I

0°1.

10,.

?O"/.

40¾

30"1.

PROPORTION OF LANO USE AREAS
OF THE UNITED STATES
IN THE MISSOURI BASIN
( LOWER MISSOURI SUBDIVISION OMITTED)
I

Irrigated
, Tillable

(Not lrriaatedl

Grazed
Notional

Forests

24-.6
I

16:T

35.t
7.4-~

Indian Reservations 1.5.5
Other Reservations t.1.1
Other Land

IS.t

0%

10%

2oi

-ao,-.

40~
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The land area devoted to each type of land use in the subdivisions
of the Missouri Basin-other than the lower Missouri-and
the percent which the acreages are of the total land of the Uniteq States used
for the respective purpose, are set forth below:
Percent
total in
the United
States

Acres
-Irrigated land ____________ 5,027,200
74,631,oco
N onirrigated tillable land
Grazing lands outside districts ______________
-- - _- 122,990,000
Taylor grazing districts ___ 12,220,000
National Corests __________ 14,560,000

Acres

--

24.6
18.7
25.5
9. 7
7.4

Indian reservations _______ 13,995,000
Other reservations ________ 4,217,000
public doUnreserved
main ___________________ 4,453,700
Miscellaneous ... _________ 37,785,080

Percent
total in
theUnited
States

25.5
21.1

8.7
6.5

TYPES OF FARMS

IN THE
MISSOURI

BASIN STATES

UNITED
STATES

'32.5

MONTANA

17.7

WYOMING

20.0

COLORADO

NEBRASKA
KANSAS

IOWA
MISSOURI

Nvmb~rs

-

ar~ p11rc11nta1es o/ fqrm.s classed as

LIVE.STOCK

~ CROP

FAR.MS,

FARMS.

c==i SUBSISTENCE.

and

FA.RMS

in eoch Misso1.1ri Basin

state.

Types of farms in the Missouri Basin States.-Using the largest value
of products as the criterion by which to assign each farm of the United
States to a type, the farms of the Missouri Basin States may be grouped
into classes as shown above in the chart headed "Types of farms in
Missouri Basin States." Related census groups have been consolidated in the three types shown in this chart.
98676-44-12
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Livestock farms as used on the accompanying chart include the
four census groups: Farms with livestock as major source of income;
farms with dairy product~ as major source of income; farms with
poultry and poultry products as major source of income, and farms
with other livestock products as major source of income. Field crops
farms, as used in the accompanying chart, include the four census
groups: Farms with field crops as major source of in_come; farms with
vegetables as major source of income; farms with fruits and nuts as
niajor source of income, and farms with horticultural specialties as
major source of income. Subsistence.farms, as used in the accompanying chart, are the census group farms with farm products used by the
farm household _asmajor source of income.
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How many acres per farm personf-The people who live on the land
in the Missouri Basin have access to three general classes of land,
to wit:
(1) Irrigated and nonirrigated crop land.
(2) Grazing land, including- .
.
. .
(a) Grazing land outside of grazmg districts;
(b) Taylor grazing districts;
( c) National forests;
(d) Indian reservations.
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(3) All other land, including(a) Other reservations, refuges, parks, etc.;
(b) Unreserved public domain;
(c) Miscellaneous.
The num her of acres of each of these three classes of land per person, classed as rural farm population, is one expression of the density
of the rural farm population. This is shown in the table below headed
"How much land per farm person?" The percentage of irrigated land,
expressed as percentage of the total crop land, is included in the first
column.
The farmer has to prepare all irrigated and nonirrigated land for
crop at regular intervals. Grazing and grazable land represents land
used in its natural state, largely in native grass. The average farm
dweller in the United States, outside of the area of development in the
Missouri Basin (all of the basin except the lower Missouri), is credited
with only 23.1 acres grazing land, whereas the average farm dweller in
the area of development of the Missouri Basin is credited with more
than 5 times as much grazing land, or 125 acres. The average farm
dweller in the United States, outside of this area of devefopment, is
credited with only 11.4 acres of crop land-the
Missouri Basin farm
dweller in the area of development with more than 5 times as much, or
60 acres. The average farm dweller of the United States finds within
the region in which he lives 20.3 acres of land he cannot use in any
way, including public land and large areas of very hilly, mountainous,
or desert country-the average farm dweller in the subdivisions of the
Missouri Basin exclusive of the lower Missouri subdivisions finds 25.4
such acres, much of it only scenery, and some of it rather bleak scenery.
How much land per farm person (acres per person)l
\

Missouri Basin subdivision

1

Crop land, irrigated
and nonirrigated

pubGrazing or Other
lie and
grazable
miscellaPercent of Total acres,
land
neous land
crop land
crop
land
irrigated

Upper Missouri_ __________________________
9.2
Missouri, Fort Peck to Sioux City _________
0.14
Yellowstone _______________________________
35.5
Minor western tributaries:
Little Missouri__ ________________________
-----------Knife __________
- -- __- - ---- -- -- -- -- ---- - - - -----------Heart ____________________
---- -- _- -- -- -- _ -----------Cannonball _____________________________
-----------Grand ___________________________________
-----------Moreau _________________________________
-----------Cheyenne _______________________________
-----------Bad ___________
- - - - -- -- -- - - - - - - -- - -- - - - - - -----------White ______________________
-- - - -- -- --- -- -----------Total of minor· western tributaries ___

1.1

Niobrara ________________________________
------··----17. 7
Platte _________-- -- - - - - - - - -- -- -- -- - - - - --Kansas _____________________
- - -- ----- ---0.2

•

Total of Niobrara, Platte and KansasTotal area of development _________________
United States, outside of area of development __________________________
- - -- - - -- -United States, including area of development_. ________-- ---- -------------------

Total per
person.

149.7
77. 9
53.2

395.1
17.0
155.1

165.0
26.2
117.1

709.8
121.1

78.1
52. 6
57.9
73.8
73.1
50.2
38.7
69.3
53.5

282.9
78.3
65.1
91. 3
325.6
362.3
416.6
366. 7
309.8

79.6
14. 3
12. 7
34. 6
4.2
34.6
67.2
131.3
49. 7.

440.6
145.2
135.5
199.7
402. g
447.1
522.5
567.3
413.0

264.4

31. 2

352.4

229. 2
85.1
39.2

14.2
26.0
12. 5

316.2
154.3
102.3

56.8
72.8
43.2
50.6

I
I
I

325.4

I

7.5

47.9

66. 7

18.8

5. 7

60. 9

125.0

35.4

4.7

11. 4

23.1

20.3

54.7

5.0

13. 9

28.3

21. 7

63.9

133.4
221.3

1 These figures do not refer to actual farm ownership or occupation of the land; they are instead the simple
quotient of the number of acres of the several classes of land divided by the number of farm people in each
basin subdivision.
(See the following pages and chart for information on sizes of farms in Missouri Basin
States.)
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Size of farms in Missouri Basin States.-The United States census
classifies all agricultural units as farms, regardless of whether they
are popularly known as farms or ranches. The term "farm" used in
this discussion follows the census definition. The chart entitled
"Average Acreage per Farm in typical Missouri Basin States" shows
the trends toward increasing size of farms in typical Missouri Basin
States. In order to avoid crowding of the chart, the lines for Iowa,
Colorado, and South Dakota have been omitted. Those states which
had the larger units in 1920 have increased the size of their farm units
at the more rapid rate. The two lower Missouri Basin States, Iowa
and Missouri, with the smaller-sized farms, have increased the average sizes of their farm units only slightly. The percentage increase
in size of farms in 1940 over their size in 1920, a period of 20 years is
as follows:
Percent increase in size off arms in 20 years
Percent

Montana_____________________
70. 9
Wyoming ____________________ 135. 5
Colorado __..,__________________ · 50. 1
North Dakota________________
10. 4
South Dakota_________________
17. 4

Percent

Nebra~ka_____________________
Kansas_______________________
Iowa_____ ___ __________ __ __ ___
Missouri_____________________
United States_________________

12. 3
8. 5
2. 1
2. 6
17. 4

North Dakota, South Dakota, Nebraska, and Kansas made even
larger increases between 1925 and 1940. The following table, showing
the average size of farms, was taken from table 652, Statistical abstract
of the United States, 1942.
Average acreage per farm in Missouri Basin States and in the United States
1920

Montana __________________________________ 480.7

~:rg~~~~ ~ ~

749. 9

408.1
===
==========
===
=========
======
North Dakota
_____________________________
466.1
South Dakota _____________________________ 464.1
Nebraska __________________________________339.4
Kansas ____________________________________274.8
Iowa _______________________
------- ------··156.8
Missouri_ _________________________________ 132.2
United States ___________________________
148.2
-

1925
564.2
1,203.2
416.5
451.9
402.6
329.0
263.6
155.9
125.3
145.1

1930

1935

1,469.3

640.7
1,610.4

481.6

471. 0

652.5

495.8
438.6
345.4
282.9
158.3
131.8
156.9

462.4
445.4
348.9
275.0
154.8
125.8
154.8

1940
821.9
1,866.2
612.9
512.9
544.8
391.1
308.2
160.1
135.6
174.0

The influence of the droughts of the 1930's is seen in the rapid
increase in size of farms in the seven Plains States during that decade.
Other influences such as increasing mechanization have also created
a large positive trend.
Influence of mechanization on output per farm worker.-Recent
studies by the Bureau of Labor Statistics of the United States Department of Labor, in which the index of output per worker for 1939 was
placed at 100, show the following significant trends on the farms of
Kansas, Nebraska, Montana, North Dakota, and South DakotaStates characterized as small-grain States:
•

•
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I ndfres of output per worker on farms-Small-grain
Percent

1935 _________________________
1936_________________________
1937_________________________
1938 _________________________

9~
70.
90.
105.

6
5
0
1

State, of the PlainB

1939 _________________________
1940 _________________________
1941_ ________________________
1942 _________________________

Percea

100.
113.
143.
161.

0
5
6
2

Total production in the small-grain States increased 63 percent in
1942 as compared to 1939. Somewhat similar changes in indices are
AVERAGE ACREAGE PER FARM
IN
TYPICAL MISSOURI BASIN STATES
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reported for the farms in the range area (as defined by the Bureau of
Labor Statistics), including Arizona, Colorado, Nevada, New Me~ico,
Utah, and Wyoming.
IndiceB of output per worker on farms of Range States
1935 _________________________
1936 _________________________
1937 ------------------------1938 _________________________

Percent

8~ 6
8~2
98. 2
102 7

1939 _________________________
1940 _________________________
1941_ ________________________
1942 _________________________

Percent

100. 0
110.3
117. 0120.4
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Value of products sold or used by Missouri Basin farmers .-The land
of ~he Missouri Basin produces wealth in farm crops and livestock.
This ·wealth becomes useful to the farmer and rancher in two ways
qnJy, (1) as a source of cash income, and (2) as a source of food consumed by the farm households. The production is translatable into
wealth by multiplying the yield of crops by prices, or the pounds of

LANDOPERATED
BY TENANTS
{PERCENT OF ALL LAND IN FARMS)
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~
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11140
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PERCENT

livestock or livestock products by prices. The year 1939, the latest
census year, has been selected as· a conservative one, with farm prices
slightly above long-time averages, and with crop yields somewhat
below . long-time averages. In this same census year, livestock
mimbers sold were above average, and prices were above average,
hence, the proportion of total cash farm income from livestock
exceeded that from crops, as shown in the table which follows:
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Percentage distribution, value of livestock and livestock products sold, crops sold, farm
. products used by farm households, and forest products sold in Missouri Basin and
its su.bd·ivisions, and in the United States in .1939
[From 1940 census]
Farm prodLivestock
Forest
.and Jive- C
Id ucts used products
stock prod- rops so
by farm
used
households
ucts sold

Missouri Basin subdivisions

Upper Missouri________________________________________50.4
Missouri, Fort Peck to Sioux City_____________________ 40. 9
Yellowstone____________________________________________
55.0
Minor western tributaries______________________________ 61. 8
Niobrara_______________________________________________
76. O
Platte__________________________________________________
61. 8
Kansas.________________________________________________
53.7

42.4

7. 2

0. 0

46. 1
37.3
26. 4
14. 7
30. 7

34.4

13.0
7.8
11. 8
9. 1
i. 8
11. 8

.O
.O
.0
.2
.0

31.4

9.1

.1

.1

l-----1-----1-----•I-----

TotalofNiobrara, P}atte,and KanSaS_____________

59.6·

1-----t-----1------1----

SubtotaL ____________________________
. ___________
55. 4
Lower Missouri________________________________________58.8

34. 8

29.6

11.6

9. 7

.1

Grand total, Missouri Basin_____________________
United States _________________
.________________________

32. 2
39. 7

10. 6
14. 6

.1
.2

57.1
45. 5

.1

The total values represented in the pre_ceding percentage table are
expressed in dollars in the next table.
Value of livestock and livestock products sold, of crops sold, and of farm products
used by farm households, by the farmers and ranchers of the Missouri Basin a-nd
its subdivisions in 1939
[From 1940 Census]
Livestock and
livestock
products

Missouri Basin subdivisions

Crops sold

Farm products
used by farm
households

Upper Missouri___________________________________$22,661,145
Missouri, Fort Peck to Sioux City ________________
34,356,372
Yellowstone __. ___________________
. _______________
24,838,490

$19, 063, 411
38,702,250
16,805,400

$3,221,216
10,926,299
3,537,532

Minor western tributaries:
Little MissourL _______________
. ______________
2,681,742
1,221,173
Knife __________
-- -- -- -- ------ ----- -- --- ------Heart ____________
---_--------_---__. ____--____
1,477,577
Cannonball ___________________________________ 1,118,557
Grand_______________
---------------- _________
1,303,698
Moreau ___________________
---- ________________
1,278,699
Cheyenne _____________________________________
10,475,991
841,081
Bad ______
---- -------------- ------------------4,447,533
White._. --- ---- ---- ----- --- -- --------- ----- -Total of minor western tributaries __________
24,846,051

2,419,705
936,164
1,907,639
2,008,772
654,294
271,123
945,656
145,761
1,315,717

587,927
470,049
687,723
534,614
317,587
250,990
1,163,304
112,648
642,217

10,604,831

4,765,059

Niobrara________________________
---- ______________
Platte __________________
------- ------ ------ _______
Kansas ___________
-- ------ --- --- ---- -------- -- --- -

2,015,044
54,006,446
44,853,891

1,248,629
13,167,547
14,902, 751

Total of Niobrara, Platte, and Kansas ______

10,377,816
108,866,497
70,444,709
189, 689, 022

100,875,381

29,318,927

296,391,080
289,661,292

186,051,273
145,518,591

51,769,033
57,290,642

Grand total for entire Missouri Basin _______
588,052,372
United States _____________________________________
3, 547, 482, 358

331,569,864
3, 094, 947, 321

109,059,675
1, 132, 063, 275

Subtotal-area of development _____
. ______________
Lower Missouri__________________
-________________
\
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Manufacture of food products.-Manufacturing in the Missouri Bashi
States is largely concerned with the processing of crops and livestock
into food products. This engages the time of 16.4 percent of all
workers engaged ~ manufactm:ing in Missouri, ·20.2 percent of all
Montana workers m manufactmrng, 22.6 percent of all such Wyoming
workers, 27.4 percent of all such Colorado workers, 33.3 percent of
all such Iowa workers, 36.3 percent of all such Kansas workers, 49.2
percent of all such Nebraska workers, 5~.5 percent of all such South
Dakota workers, and 56.0 percent of all North Dakota workers
engaged in manufacturing.
The actual workers employed in manufacturing in these nine Missouri Basin States represent less than
one-twentieth (4.6 percent) of all manufacturing wage earners in the
•United States. They produce refined products such as meat, flour,
butter, and s:ugar, which are needed and are obtained here in large
proportion by all of the people of the United States. The nine basin
States contain only 9.8 percent of the population of the United States.
These proportions of the Nation's population do not consume all of
the food they produce and process; the larger proportion goes to
feeding the rest of the Nation.
The manufacturer who seeks a local market for his goods is interested in gains and losses in population. The Missouri Basin States
fall into three groups from this point of view, as rated by the 1940
census.
Gained both rural and urban population:
Missouri.
Wyoming.
Colorado.
Gained total population but lost rural population:
Iowa.
Montana.
Lost total population but gained urban population:
North Dakota.
Kansas.
South Dakota.
Nebraska.

Flour milling, meat packing, sugar refining, and butter making are
four typical manufacturing ind~stries of the Missouri Basin, which
are primarily agricultural processing industries. Flour milling in the
Missouri Basin has, until very recently, due to the impact of World
War II, been declining in relative importance, there being an increasing tendency for flour millers to locate their mills closer to the main
centers of population, in eastern United States. On the other hand,
there has been an increase in the proportion of meat packed within
the Basin. The sugar-refining industry clings to the ar~as of sugarbeet production because its raw product, the sugar beet, 1s bulky and
of high water content; hence, the sugar is extracted and refined in the
immediate vicinity of the areas of production.
.
Processing of ·butterfat.-Creamery butter manufactured m the seven
Plains States of the Missouri Basin in 1939 was valued at $62,368,930,
or 12.7 percent of the value of all creamery bu~ter ~anufactured in
the United States. The States of Iowa and MIBsoun manufactured
$84 374,276 worth of creamery butter in 1939, or 17.1 percent of the
val~e of the total manufactur,ed in the United States. The number
of establishments manufacturing different kinds of dairy products in
the several Missouri Basin States follows:
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Number of establishments manufacturing dairy products
Creamery
butter

Condensed
and evapo- Ice cream
rated
and ices

Cheese

milk

Montana_______________________________________________71
Wyoming______________________________________________23
Colorado. __________________
.___________________________
49
North Dakota__________________________________________ 98
South Dakota__________________________________________107
Nebraska______________________________________________106
Kansas_________________________________________________84

6

1

22

11

6
3
1

37
8
11
31
45

6

1

4
1
17

1

6

4

12

1----1-----1----f-~--

7 Plains States___________________________________ 538

-46

tis!ourC===
======
====
======
==
==
========
==
=========::=
~~
1----1-----1----1---Total in 9 Basin States--------------~------------

4

~

1,065

98

28
1

160

46

302

~~

g

The making of butter and ice cream is the most widely disseminated
agricultural processing industry in the basin; hence, the amount of
the raw product, butterfat, sold as cream in the several subdivisions
of the Missouri Basin is an index to the relative importance of the
butter and ice-cream making in the several parts of the basin.
It must not be assumed, however, that all sales of butterfat are
manufactured, or are manufactured within the basin, for on the
eastern edge of the basin, in particular, there is considerable shipment
of cream to points east of the basin. Neither is all cream sold in
any one of the subdivisions to be entirely credited to that subdivision,
for cream may be shipped in or out of particular subdivisions. The
table which follows shows the origin of the cream sold, the subdivisions
data being the summation of cream sold within the counties or fractions of counties in the particular subdivision.
Cream sold in the Missonri basin represents 20.74 percent of all
cream sold in the United States; 53.6 percent of it was sold in four
subdivisions of irrigation development, and 46.3 percent of it in the
Lower• Missouri subdivision .
Origin of cream sold in Missouri subbasins: 1939
Cream sold as butterfat
Missouri basin subdivisions

Pounds of
butterfat

Upper Missouri_____________
' ______________________________________
_
4,372,436
32,801,558
Fort Peck to_______________________________________________________
Sioux City_------------------------------------------Yellowstone
_
5,034,127

of
P ercent of Percent
total sold
t_otals~ld in United
m basm
States
1. 9.
14. 7
2. 2

0.41
3.19
.46

Minor western tributaries:
Little Missouri ___________________________
. ____________________
_

o.3

__________

Knife ___________________
- - -- - - - - - - -- -- -- - - - - - - -- - _-- --- - - - - - -- --

.7
.9
.7
.2
.2
.6
.1
.6

l=====l===I===

718,206
1,503,001
Heart _____________________
-------- -- ------- -- _-- --- _---- ______
-2,094,645
Cannonball ____________________________________________________
_
1,537,508
479, 7~H
Grand. ___________________
---------- -- ---- ---- ----- _-- ------- . --_
Moreau
________________________________________________________
315,953
Cheyenne ____________
.. _-_-----_--- ------- ------_______________
_
1,339,868
177,032
Bad ________--- -- -- -- -- - - -- - - - --- - -- -- - - - - - - - - - -- -- - - - -- - - -- - - - - 1,430,552
White._. ____----- -- -- ------ ------ ------ ---- ------------------ --

Total, minor western tributaries _____________________________
_
9, 5g{},556

4.3

.88
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Origin of cream sold in Missourf subbasins: 1939-Continued
Cream sold as butterfat

I

Missouri basin subdivisions

Percent of Percent of
total sold _total s~ld
in basin m Umted
States

Pounds of
butterfat

Niobrara __________________________________________________________
_
Platte ________------ -- - ----- __-- ____- - _- __------ ___________________
_
Kansas ____________________________________________________________
_
Total, Niobrara,

Platte,

and Kansas _________________________
_

3,332,042
27,957,622

1. 5
12. 6
16. 5

o.31

37,064,203
68,353,867

2. 57
3.40

30.6

6. 28

Subtotal, area of development_ ____________________________________
_
Lower Missouri_ ______---- _________________________________________
_

120, 158, 544
103, 896, 694

53.6

11.03

Grand total for Missouri basin _______________________________
_

224,055,238

100.0

1======1==

United

States totaL _________________________________________
_ 1, 090, 261, 486

46.3

9.52

20.74

--------------------

Falue of manufactures, by States of the Missouri Basin, 1939, and for
United States
[From table 894 -Statistical

Abstract

[In thousands

Salaries

State

-------------

--

United

--

of United

States:

1942]

of dollars]

Wages

Cost of
materials
etc. Fuel,
purchased
electric
energy and
• contract
work

Value of
products

Value
added by
manu
!acture

-------1-----1------:-----

States_ . ________________. $2,540,357

$1,,089, 941

$32, 160, 107

$56,843,025

$24, 628. 918

12, 148
4. 7~
2, 771
6,036
20,624
36, 938
28,392

112,095
29,794
32,665
61,217
204,437
345, 401
130,387

151,885
_45,423
43, 767
81,172
273,525
464, 354
221,643

39, 790
15,629
11, 102
19,955
69,087
118, 952
91,256

37,739

111,666

915,996

1,281,769

365,771

1.5
23. 532
58, 937

1.2
73,466
190, 736

2.8
473, 737
800. 095

2.3
718, 532
1,388,056

1.5
244, 795
587,962

1====•1====11=====1======1====
120,208
375,868
2,189,828

3,388,357

1,198,528

6.0

4.9

Montana______________________________
Wyoming __ --------------------------North Dakota_________________________
South Dakota_________________________
Nebraska______________________________
Kansas_______________________ _________
Colorado______________________________

3,684
1,680
1,433
2,346
7,500
11, 985
9,111

1----1----11-----1------1----

Total for 7 Plains States_________
Percent of United States total in 7
Plains States________________________
Iowa__________________________________
Missouri______________________________ __
Totalfor9BasinStates__________
Percent of United States total in 9
Basin states_________________________

4. 7

4. 1

6.8

Summary of manujactures.-The
Census of Manufacture: 1939,
credits the several Missouri Basin States, with the following number of
industrial establishments: Montana, 585; Wyoming, 310; Colorado,
1,298; North Dakota, 350; South Dakota, 468.; Nebraska, 1,161;
Kansas, 1,494; Iowa, 2,670 and Missouri, 4,796. The United States
had 184,230 such establishments in 1939. Reference has already been
made to the importance of butter-making in the Missouri Basin
States. In the two tables which follow it will be noted that the nine
Missouri Basin States pack meats for wholesale to an amount representing 27 percent of the value of all meats packed in the United States.
The value of the meat packed in the seven Plains States is about equal
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to the value of the meat packed in Iowa and Missouri. It should be
. understood that the producers of live animals also ship much of their
livestock to terminal markets and packing plants outside of the
Basin States. The seven Basin States dress and pack poultry valued
at 19.5 percent of all of the polutry dressed and packed in the United
States; and Iowa and Missouri another amount equal to 28.5 percent
of the value of all the poultry dressed and packed in the United States.
The first meat exported in refrigerator cars out of the Plains States was
shipped from Salina, Kans., iµ 1872.
In addition to being so signjficant a resource area for wholesale
packed meat, dressed and packed poultry, and butter, the Basin
States manufacture flour and other grain-mill products in an amount
equal to 25.5 percent of the value of all such products in the United
States. The first flour mill in the Plains States of the Basin was built
by Mathias Splitlog, a Wya~dot Indian, as a horsepower mill, near
where Kansas City is now located.
The number of establishments packing meat and poultry, the value of the products and
the value added by manufacture, in Missouri Basin States and in the United
States, 1939
Meat packed (wholesale)
State

Value of
product

Number

Montana _______________
Wyoming _______________
Colorado ________________
North Dakota __________
South Dakota __________
Nebraska _________
:._____
Kansas _________________

$4,731,496
871,921
33,005,533

13
6
26
3
10
27

(2)

Poultry dressed and packed (wholesale)

Value added
bymanufacture

Number

$921. 549
148,114
5,608,151

1
3
9
17
19
25
33

(2)

Value of
product

Value added
by manufacture

(1)

(1)

$35,160
4,202,078
2.195,257
4,106,148
8,807,209
6,711,263

$5,919
1,372,172
339,813
689,613
1,242,230
1,080,320

48,801,630
117,743,576
143,885,891

8,089,637
13,961,447
19,730,728

349,040, 047

a 48, 459, 626

----------

4 26,057,115

44,730,067

13. 2

11. 5

----------

19.5

20.1

$257,314.633
107,254, 213

$39,149,533
16,172,460

$23,879,337
14 060,426

. $4,057,709
2,321,765

Iowa and MissourL ____________

364, 568,846

55,321,993

----------

37,939,763

6,379,474

Percent of United States
value in Iowa and
Missouri_ _____________

13.8

13.1

----------

28.5

27.1

$133,318,081

$23,575,084

41

7 Plains States ____ ---------Percent of United States
value, 7 Plains States_

3

----------

Iowa ____________________
Missouri ________________

32
53

----------

----------

United States ___________
1 Data
1 Data
• Sum
' Sum

1,478

$2, 648, 325, 552 $421,786,513

not reported for Montana.
for North Dakota not reported.
does not include North Dakota.
does not include Montana.

90
53

.

765
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Flour and other grain-mill products manufactured in Missouri Basin States, 1989
Number of
establishments

Value or
produch

Montana ____________________________________________________
_
24
Wyoming ____________________________________________________
_
8
Colorado_____________________________________________________
_
38
North Dakota _____________________
. ____. ___________
. ___. _____
19
South Dakota __. _____________________
. _______________
. ______
_
14
Nebraska ___________________________________
. ________________
_
63
Kansas ______________
. _____-- --------- ----- -----_-- ---- -- ---- _
86
7 Plains States _______________
. ____________
. ___. ________
_
252

$6,254,698
~

'639,950
6, 916, 49-i
5,303,788
l,'JZl,318
17,485,317
69, 858, 640
107,686,205

Percent of United States value in 7 Plains States. __________________________
_

Value added
by manufacture
$1,726,212
188,427

1,680,738
1,307,242
301, Hl7
3,946,260
14,215,069
23,365,145

16. 6

16. 2

$10,021,474
48, 096, 783

$2,200, 27~
8,703,179

58. 118, 251

10,903,451

Percent of United States value in Iowa and Missouri_ _____________________
_
8. 9
United States ________________________________________________
_
2, 143 $649,943,088

7.6

Iowa _____________________
------ -- --- --- ----- --- ------ ---- -- --MissourL ___________________
. ____________
. ___________
. _. _. ____

25
111

Iowa and Missouri ______________________
. _____________
_

1a6

I

$143,881, 569

The census of manufactures, 1939, credits Missouri Basin States
-with beet-sugar factories as follows: Montana, 5 (now 6); Wyoming, 5;
Colorado, 17; North Dakota, none (sugar beets raised in western
North Dakota are processed in Montana, and sugar beets raised in
eastern North Dakota are processed in Minnesota); South Dakota, 1;
Nebraska, 7; Kansas, none; Iowa, 1; and Missouri, none. Complete
statistics on the value of the processed product are not available.
The beet-sugar industry in the Basin States began with the construction of a beet-sugar factory at Grand Junction, Colo., in 1899.
Petroleum refining in Missouri Basin States, 1 1939
Number of
refineries
Montana_· __________________________________________________
_
28
Wyoming ____________________________________________________
_
37
Colorado____________________________________________________
_
7
South Dakota. ______________________________________________
_
3
Nebraska. ___________________________________________________
_
9
Kansas ______________________________________________________
_
21
Total, 7 Plains States__________________________________
____________
Percent of total of United States in 7 Plains States______________
____________

Value of
products

Value added
by manufaoture

$13,461, 015
24,671,993
6,407,038
102,339
843,805
89,437,983

$4,377,332
7,070,078
2,021,594
36,3~
131,324
15,155,752

134,924, 173

28,792,40~

5. 5

5. 5

United States_________________________________________________
4851 $2,461,126,549

$527,862,306

1 The census listed no refineries in North Dakota, Iowa, or Missouri. Kansas has 76 establishments manu
acturing oil-fieldmachinery and tools.

Space does not permit a complete listing of other industries of major
interest in the Plains States. Industries using mineral resources of
the respective States are as follows: Brick and hollow structural tile:
7 in Montana; 3 in Wyoming; 28 in Colorado; 2 in North Dakota;
1 in South Dakota; 5 in Nebraska; and 9 in Kansas. Cement: 1 in
Montana; Wyoming, 1; Colorado, 1; South Dakota, 1; and Kansas, 7.
Concrete products: Montana, 6; Colorado, 11; North Dakota, 4;
South Dakota, 9; Nebraska, 21 and Kansas, 4. The census _ofma~ufactures provides further detailed information about all mdustr1al
establishments.
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The Missouri Basin, exclusive of the Lower Missouri subdivision,
had 2.6 percent of the population of the United States in 1940. Here,
in 1939, they did 1.592 percent of the wholesale trade and 2.569 percent of the retail trade of the United States. In the lower Missouri
subdivision, wholesale trade amounted to 3.260 percent of that of the
United States, and the retail trade 2.400 percent. For the basin as a
whole, the wholesa]e trade amounted to 4.852 percent of that of the
United States.
Percent of trade of United States in Missouri Basin and its subdivisions in 1939
Missouri Basin subdivisions

Wholesale

Percent
Upper Missouri ________________________________________________________________
_
0.108
Missouri, Fort Peck to Sioux City ___________________________________
-------- -- -.170
Yellowstone _____________________________________________
---- -- -- -- -- ------- --- -.076
Minor western tributaries ______________________________________________________
_
.049
Nebraska, Platte, and Kansas ____________________________________
--.-__________
-1.189
Subtotal ___________
---··-- _________________________________________________
_
1.692
Lower Missouri ________________________________________________________________
_
3.260
Grand total ______________________________________________________________
_
4.8521

Retail

Percent

0.243
. 300

.190
.153
1,682
2.569
2.400
4. 969

The foregoing percentages are based on a total United States
wholesale trade of $55,265,640,000, and a total United States retail
trade of $42,041,790,000.
Per capita expenditures in wholesale and retail trade in the Missou,·i Basin and
portions thereof
Wholesale
trade
Per capita of population residing in portion of basin above Sioux City, and in
Niobrara, Platte, and Kansas Basins _________________________________________
_
$254.00
Per capita of population residing in portion of basin below Sioux City ___________
_
534.50
Per capita of population residing in entire basin _________________________________
_
392.15

Retail
trade

$311. 50
299.50
305.50

The per capita expenditure of the entire population of the United
States in wholesale trade in 1939 was $419.57 and in retail trade
$319.29. It will be noted that people residing in that portion of the
basin area above Sioux City and in the Niobrara, Platte, and Kansas
Basins purchased more retail and less wholesale goods per capita than
did the average population of the basin.
Proportion of wholesale and retail trade of Missouri Basin subdivisions originating in
five large cities
Missouri Basin other than lower Missouri:
Total wholesale trade ________________________________ _
$880,594,000
Percent of total wholesale trade in Omaha and Denver ____ _
83. 0
Total retail trade ____________________________________ _ $1,079,667,000
Percent of total retail trade in Omaha and Denver ________
26. 3
Lower Missouri Basin:
Total wholesale trade ________________________________ _ $1,802,350,000
Percent of wholesale trade in Sioux City, Kansas City,
Kans, and Kansas City, Mo _________________________ _
52. 9
Total retail trade ___________________________________ _ $1,009,450,000
Percent of retail trade in Sioux City, Kansas City, Kans.,
and Kansas City, Mo _____________________________ _
29. 1

•
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Proportion of wholesale and retail trade of Missouri Basin subdivisions originating
in five large cities-Continued
Entire Basin:
Total wholesale trade_ - - - - _- __ - _- - - - _ __ __ _____________ $2, 682, 952, 000
Percentage of wholesale trade in Omaha, Denver Sioux
City, and the Kansas Citys ___________________ ~ _____ _
62. 8
Total retail trade _____________________________________ $2,089,117,000
Percentage of retail trade in Omaha, Denver, Sioux City,
and the Kansas Citys_ _ _ __ ____ _______ __ _____________
27. 9
ECONOMIC

HISTORY

OF THE MISSOURI

BASIN

Significant economic use of the Missouri Basin began with the
purchase of the Louisiana Territory iri 1803 and the immediate rise of
the fur trade. This trade was controlled by the early venturesome
companies which spread their posts from St. Louis, a city which still
remains the leading fur market of the Nation, to the upper and outer•most branches of the Missouri. Agricultural occupation was largely
confined to lands in the lower Missouri Territory until after 1862,
when the passage of the Homestead Act led to the rapid agricultural
occupation of Kansas and Nebraska, a westward region that was
already receiving the northward movement of cattle from Texas.
Abilene, Kans., was the cattle town of the Nation in the sixties and
seventies of the last century, and cattlemen had visions of a greatly
expanded Chisholm. Trail, extending from Texas to the Canadian
Border. With the coming of the railroads, the need for trailing cattle
to market disappeared-then,
too, the railroads brought the settlers,
with their plows. By 1874, Kansas began to grow Turkey wheat, a
variety which settlers from the plains of South Russia had brought
with them to the new land.· The cattlemen pushed on to the
Northern Plains-to the western Dakotas, Montana, and Wyoming.
Nebraska, whose entire area is within the Missouri Basin, long had
a large area exclusively devoted to grazing, namely the Sand Hills of
the north central part of the State, but the passage of the Kinkaid
Act in 1904 opened the Sand Hills up to agricultural settlement, thus
wiping out most of the old open range. Kansas and Nebraska farmers .
have advanced upon and retreated from the western High Plains of
those States several times, retreat usually coinciding with or immediately following the drought years. Both States have sought to
meet the impact of inevitable drought by developing "dry farming"
tillage methods, and by the selection and breeding of crops which could
accommodate themselves to shortened supplies of water. Thus
Kansas, for example, has greatly expanded her acreages of droughtresisting and heat-resisting grain sorghums. Nebraska, which is
most fortunately situated with respect to both ground water and surface water supplies, has been able to put an extensive acreage under
irrigation. Estimates published in 1939 classified the sources of
irrigation water applied to Nebraska soil as follows: (1) Diverted
from streams by means of irrigation canals and ditches, 570,000 acres;
(2) pumping from ground water and streams, 60,000 acres; (3) subirrigation from ground water, 1,300,000 acres; and (4) spraying
systems using water from municipal or rural sources, 40,000 acres.
Kansas has not developed irrigation to a comparable extent, the
principal present areas being the Garden City area, in the Arkan~as
Basin (about 28 000 acres), and several private ventures, aggregatmg
30,000 to 40,0oo' acres, along the Republican River.
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Agricultural occupation of Dakota Territory began in the Sioux
Falls area, in the southeastern portion of what is now in the Staie of
South Dakota. Farming spread to the Missouri River and only
slightly west of it during Territorial days. (North and South Dakota
were admitted to statehood in 1889). The discovery of gold in the
Black Hills in 1876 led to the rapid occupation of that climatically •
favored portion of the State. In 1890 the huge Indian reservations
west of the Missouri River in South Dakota were opened to settlement,
and attracted many who were soon to experience the disastrous drought
of the early nineties. Supplemental water supplies have come to a
small area of South Dakota, the Belle Fourche project, in the region
of the Black Hills. South Dakota, like Nebraska and Kansas, grew
wheat extensively in her early history but, like Nebraska, has turned
more and more to corn, so much so that the eastern third of the State
is generally considered a part of the Corn Belt of the Nation. Agricultural occupation of the Red River Valley in North Dakota, to the
east of the 1'Iissouri Basin, began at an early date, but it was not until
the Northern Pacific Railway was extended to Fargo, in 1871, ·that the
era of establishing and extending the bonanza wheat farms of the Red
River Valley began in earnest. By 1880 James J. Hill began to build
the Great Northern Railway into the State. By 1881 he had extended
the system to Minot, N. Dak., and had created a vast gridiron of
branch lines, built at low cost, over the most favorable terrain for railroad construction to b~ found anywhere in the Nation.
The Northern Pacific Railway had pushed westward to Bismarck by
1873, and that was the terminus until 1878, b_ecause of the adverse
effect of the financial panic of the seventies. Wheat farming spread
over North Dakota, largely dominating the pattern of land use except
in 'the rougher terrain of the western part of the State, where sturdy
ranohers, amid the protection of the Badlands and rough ·1ands just
east of the Badlands, carried on, and still carry on the tradition they
established when they built their first herds from stock trailed from
Texas. Mixed grain and livestock farming is, however, much more
common than livestock ranching, for there is a constant necessity for
reserves of feed for the winter months.
• Early agricultural occupation of Montana followed the gold rush.
Like the western Dakotas, it was almost entirely a livestock country
from _1860to 1890, but by the turn of the century grain farmers began
to occupy much of the land formerly grazed. Like the farmers of the
western and central Dakotas, they have experienced the impact of a
succession of droughts, and years of low yields or high crop abandonment. Cattle and sheep ranching have maintained a leading place in
the agricultural economy of the State-factors
tending to stab_ilize
these two livestock industries have been_ the formation of grazing
associations and grazing districts, and the introduction of irrigation
into the va1leys. The raising of sugar beets in the irrigated v_alleys
has supplied great stores of beet byproducts used by the liv_estockproducers, including beet tops, molasses, and beet pulp. The making of
sugar from the sugar beet has become the major agricultural processing
industry of the State of Montana.
Wyoming is second only to Texas in the sheep-ranching industry
Extensive areas of thin stands of grass, mixed with sagebrush and
other plants, provide forage especially adapted to sheep, and make
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possible the economic utilizati?n of large areas of ?therwise. no~utilizable land. The average size of farm (or ranch) m Wyommg 1s
the largest in the Nation. Irrigation is essential to the production of
reserve feeds in the agricultural economy of this semiarid State; hence,
it is not surprising to find that 57.5 percent of all Wyoming farms
were irrigated in 1940, and that the irrigated land made up 4.6 percent
of the farm land. •
•
Colorado, like the rest of the Missouri Basin, stressed cattle ranching in its early history, that is, through the seventies and eighties.
Cattle are still important. Both cattle and sheep feeding are now
important in the northeastern quarter of the State. · Nearly 58 percent of the farms of Colorado are irrigated, and 7 .8 percent of all of
the farm land. Beet-sugar manufacture is the leading industry processing an agricultural product. Because of rather favorable climatic
location, and because of the density of population within the trade
environs of the irrigated farms, the irrigated agriculture of Colorado
has become well diversified with alfalfa, vegetables, and fruits as well
as sugar beets and potatoes playing important parts in the total
agricultural economy.
The seven Plains .States harvested 58 percent of the total wheat
acreage of the United States in 1943-in 1893, just 50 years earlier,
only 31.2 percent of the United States wheat acreage was in these
States.
The year in which each State in the basin reached its peak of wheat
acreage is a good measure of the extent of crop diversification, the
more r·emote that date the greater the subsequent diversification.
The following statement summarizes this aspect of wheat production
history.

State

Date of
peak acreage of
wheat

Montana ________________________________________
_
1929
Wyoming _______________________________________
_
1928
1922
Colorado ___________
--_------------------------ --North Dakota _________________
-_-__--___________
_
1928
South Dakota _________________________
-_________
_
1919
N ebra.cika_____________________
-_______
-- ________
_
1938
Kansas_. ___________
.. _________
----- ____--_______
_
1938
1874

tr~:ouri=
========
=====
======================
====
= 1919

Peak acres
of wheat
harvested
4,419,000
342,000
1,878,000
10,828,000
4,427,000
4,691,000
14,494,000
3,420,000
4,427,000

Acreage harvested in1--------

1941

3,703,000
240,000
1, 36S,000
8,234,000
2,864.000
2,352.000
11,799,000
204,000
1,336,000

1943

3,449,000
220,000
1,410,000
8,209,000
2,931,000
2,948,000
10,159,000
178,000
695,000

Those States and areas in the Missouri Basin which have had the
most abundant rainfall, or which have been supplied with supplementary water through irrigation, have been able to broaden the
economic bases of their agriculture. Thus, for example, the irrigated
areas of Colorado, Wyoming, Montana, and Nebraska have added
to the list of usual corn and small grain staples, sugar beets, beans,
canning vegetables, potatoes, and alfalfa. Ample supplies of beet
byproducts and alfalfa hay broaden the agricultural base still further,
by providing high quality feed for livestock.
Three of four States with the greatest area of irrigated landColorado, Wyoming, and Montana-have
been able to broaden their
over-all economic bases still further by engaging in the direct extrac-
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tion of valuable resources from the crust of the earth, coal, petroleum
natural gas, and metalliferous ores. These three States, also located
as they are, near the Rocky Mountains, are favorably situated with
respect to the development of water power. North Dakota has a
large reserve of lignite coal, but her mining industry has not yet
assumed large commercial proportions; hence, its contribution to
broadening the economic base may be expected to widen as better
methods of using lignite for fuel are developed, or as new uses are
found for lignite coal, such, for example, as possible conversion into
a liquid fuel.
South Dakota has a highly productive gold mine which, together
with the other mineral resources of the Black Hills region, is contributing to broadening the total economic base of that State. Manganif erous ores of low grade also occur within the Missouri Basin in
South Dakota. Among the Missouri Basin States,' Nebraska is solely
dependent upon farming and ranching-there
are no mining interests.
The precious metals supplement the State-wide economy of three other
Missouri Basin States-Colorado, Wyoming, and Montana. In addition, the three latter States have immense resources of coal and petro- •
leum. Copper mining is a leading industry in Montana, although it
is mined west of the Missouri Basin. Lead, zinc, and manganese ores
also make a substantial contribution to Montana's income from
metalliferous ores.
The State-wide economy of Kansas is also supported by an extensive natural gas and petroleum industry, coal mining, lead and zinc
mining, and an important salt industry (largely outside of the Missouri
Basin). Kansas is the leading producer of pumice. Missouri produces lead and zinc. Colorado and Wyoming have immense undeveloped iron-ore reserves. Phosphate ores are available in Wyoming
and Montana (in the Columbia Basin).
The ceramic industries and cement making are rising in importance
in the Missouri Basin States. Cement is manufactured near LaPorte,
Colo., at Rapid City, S. Dak., at Laramie, Wyo., at Hanover and
Trident, Mont., and at points in Kansas. Brick and tile are made,
near Denver, Colo., at Sheridan and Lovell, Wyo., and at Hebron,
N. Dak.
The tourist traveling by automobile, railroad, and even by aeroplane, on his way to visit the many natural parks and other scenic
or historical areas within the Missouri Basin is a substantial source
of income to the transportation companies, the service stations, the
hotels and restaurants, the curio shops, and others who serve the
traveler. Good roads and a general program of making points of
interest more easily accessible to the traveler have helped build up
the tourist trade in many parts of the basin to a position of prominence. State and Federal hatcheries keep the streams supplied with
fish. Upland game fowl, as well as wild ducks and geese, furnish
game-bird hunters with excellent hunting. Limited open seasons,
rigidly enforced by a combination of State laws and Federal regulations, and a growing public appreciation of the value of the wildlife
resources, are providing a sustained population, of wild fowl and small
game, which .annually attract the open-handed sportsman to the
prairies, hills, and mountains of the Basin.
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The Missouri Basin is a leading resource area from which the Nation
obtains a high proportion of its food ~nd fiber. T~e farms and
ranches of the Basin supply much of the livestock and hves~ock products, and a high proportion of the breadstuffs. Of the nme States
in the Basin, seven, including Montana, Wyoming, Colorado, No~th
Dakota, South Dakota, Nebraska, and Kansas, are Great Plams
States. The Plains portions of these States have been the object of
particular national concern, throughout much of their period of
economic development.
. ,
On the pastures and ranges, in the feed lots, and on the farms of
the Missouri Basin and its tributaries, there were in 1939 18 percent
of all of the cattle of the United States, 24 percent of all of the sheep,
16 percent of all of the hogs, and 22 percent of all of the horses.
The hog population w~s confined largely to the lqwer Missouri subdivision, which had 72 percent of all of the hogs in the entire Missouri
Basin, whereas that area had less than 19 percent of the sheep of the
area. About four-fifths of the sheep in the basin and two-thirds of
the cattle were on the farms and ranches of the five subdivisions outside of the Lower Missouri subdivision.
Even in years of drought and low yields, the Nation depends upon
the 7.4 percent (the corresponding figure for the Basin proper is
8.26 percent) of the total farm population of the United States-the
farm people who live in the seven Plains States of the Missouri Basinto produce nearly half of the Nation's breadstuffs. The job these
farm people did on the average, even during the drought period of
1930-39, includedproducing
producing
producing
producing
producing
producing

41.5 percent
43.4 percent
34.8 percent
15.3 percent
10.0 percent
18. 7 percent

of
of
of
of
of
of

the
the
the
the
the
the

Nation's
Nation's
Nation's
Nation's
Nation's
Nation's

wheat;
rye;
barley;
oats;
corn, and
grain sorghum.

A very high proportion of the total production was from land returning very low yields because of drought, while at the same time millions
of acres seeded to these crops were never harvested because of crop
failure. When, however, Nature smiles as she did in 1941, at a time
when both the Nation and the world needed food and fiber this same
small percentage of the farm people of the United Statesproduced
produced
produced
produced
produced
produced
produced

51. 7 percent
61.9 percent
50.4 percent
19.4 percent
25.6 percent
11.6 percent
32. 7 percent

of
of
of
of
of
of
of

the
the
the
the
the
the
the

Nation's
Nation's
Nation's
Nation's
Nation's
Nation's
Nation's

wheat;
rye;
barley;
oats;
grain sorghum;
corn, and
wool.

Here within the Missouri Basin proper live 5.18 percent of the
people of the United States, about half of them in the Lower Missouri
subdivision of the Ba&in, and slightly more than half in the other
4 subdivisions of the Basin. The people of the Missouri Basin are
primarily agricultural producers. The total labor force in the Basin
in 1940 was 2,656,369 persons, of whom 800,095 were employed on
farms. Of the total 1940 labor force (all employable persons 14
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years of age and over) some 30 percent were employed on the farms
and ranches of the BasiB; 28 percent in the Lower Missouri subdivision,
and 32.2 percent in the other 4 subdivisions. Nearly 45 percent of the
employed labor in the subdivision Fort Peck to Sioux City was employed on farms in 1940.
The predominantly agricultural character -of the Missouri Basin is
made most evident by comparing the percentages of the total labor
force of each of nine Missouri Basin States (using data for the entire
area of each State) engaged in agriculture, mining, and manufacturing,
r~spectively, in 1940.
CEREAL PRODUCTION
IN THE MISSOURI BASIN
PERCENT OF TOTAL U.S. CEREAL PRODUCTION

WHE.AT

RYE

BARLEY

OATS

CORN

GRAIN
SORGHUMS

Unshaded bar- Average, 1930-1939
Shaded bar- 1941 - A year of ample precipitation

Percent of employable workers employed
In agri- In mining In manufacturing
culture

In agri- In mining In manufacturing
culture

Percent
North Dakota _____
53.4
South Dakota. ____
48.1
Nebraska. _________ 37.4
Iowa _______________ 35.8
Montana. _________ 31.8

Percent

0.5
1. 4
.1
.7
7.3

Percent

2.5
4.5
6.9
11.4
7.4

Percent . Percent
Kansas __: _. -. ----W}'"omi~g____--- --Missouri ______
----Colorado_____
------

31. 4
29.4

23. 6

21.0

2. 6
7.3
1.0
4.5

Percent

9.1

5.3
18.9

10. 2
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As an agricultural area, the Basin as a whole, but particularly the
seven Great Plains States, suffers from instability of farm income
caused by the swings in farm prices, the seasonal character of certain
of its major agricultural enterprises the income from which is collected
only once a year, and the variability of the weather. Since the
volume of farm products available determines the amount of agricul-.
tural processing to be done, it is obvious that the Basin's principal
manufacturing activities are adversely affected by a decline in agricultural production. From the point of view of the immediate development of a broader base for its economy, the loss of population,
particularly of its skilled workers, of which the Basin had all too few,
has created a special handicap, adverse to the expansion of nonagricultural industries. The exportation of population from the
Missouri Basin, which was greatly increased during the decade 193040, has continued. It is a significant fact that those subdivisions of
the basin which suffered the greatest population losses in the decade
1930-40 also suffered the greatest loss of civilian population in the
period April 1, 1940, to November 1, 1943.
ECONOMIC DISCUSSION

The Missouri Basin is characterized by having large areas of
sparsely populated land which is of low productivity under natural
conditions. The soils, however, because of the very nature of the
climate, are inherently fertile. The land is unproductive because
it is not well watered. Much of this land is suitable only for grazing,
whereby the vegetative cover is converted into meat, hides, and wool,
thr~e resources essential to food and clothing. The vagaries of the
weather and seasons, however, subject the cattle and sheep to short
rations, and often force the liquidation of herds and flocks unless,
during such periods, the rancher has access to reserve supplies of feed.
Experience has taught the rancher that he must have reserves of
hay. The value of tame hay exceeds the value of any other single
field crop produced in Wyoming-mostly alfalfa produced on irrigated
lands. If the rancher is unable to irrigate his own lands, he turns a
portion of his herds and flocks over to the farmers on the irrigated
lands for further feeding, or he purchases surplus feed produced on
their irrigated farm. In years of extreme drought, those livestock
producers in the Missouri Basin who are now beyond the stabilizing
influence of such sources of reserve feed supply have been forced to
liquidate their herds and flocks drastically, including forced sale of
breeding stock.
The farmers of six northwestern North Dakota counties, recognizing
the need for livestock to broaden the bases of their respective agricultural economies, had in the years prior to 1934 built up substantial herds and flocks. As a result of the drought of 1934 these
farmers were forced to sell 47.2 percent of all their cattle that year,
and 35.2 percent of all their sheep and lambs. One county, Burke,
sold 58.4 percent of the cattle and 50 percent of its sheep and lambs.
At an average of the IO-year period, 1930-39, this group of six northwestern North Dakota counties abandoned the following proportions
of their seeded crop acreages: Divide, 34 percent; Burke, 48.5 percent;
Renville, 30 percent; Bottineau, 24.9 percent; Ward, 25 percent, and
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Williams, 34.8 percent-an
average of 31.3 percent for the entire six
counties. These percentages are based upon the abandonment of
seeded acres of corn, durum wheat, other spring wheat, oats, barley,
rye, flaxseed, and potatoes. In the two severe drought years of 1934
and 1936 these six counties abandoned 52 percent of the seeded acres
of the crops listed. Similar figures could be adduced for many other
counties in both of the Dakotas.
As a result of the general failure of crop production over successive
years, much of the area of the Missouri Basin, which had been converted to crop production, suffered population losses-migration from
the farms to cities and villages within the Basin as well as to places
outside of the Basin. Huge expenditures were made by the Federal
Government, in the form of loans, and grants, and other forms of
relief. It is practically impossible to arrive at a single comprehensive
figure which includes all such funds from sources outside of the respective counties. The reliable data available are on a State-wide basis.
In the discussion which follows, such data will be related to the Nation
as a whole, and as far as possible they will include the status as of
December 31, 1942. The data pr·esented are limited to the seven
Plains States.
Percent of
Amounts un- total due the
paid on Dec. United States
31, 1942, grants
from all
and work relief States of the
Nation
Farm Credit Administration loans:
Crop and feed loans (1918-40)__________________________________________
$98,528,942
Federal land-bank loans _______________________________________________
307,823,687
Land Bank Commissioner loans ______________________
.:._______________ 100,875.852
Production Credit Association loans ___________________________
. _______
27,200,542

Percent

Total for Farm Credit Administration _______________________________534,429,023
Farm Security Administration:
Rural rehabilitation loans _____________________________________________77,048,678
Grants (about 80 percent of which were made prior to June 30, 1940)___
70,398,022
Work Projects Apministration _____________________________________________
564,681,364

--------------

Total of unpaid loans, of grants, and of work relieL _________________ 1, 246,557,087

• 65. 9
19. 2
19. 7
14. 7

20.6
146. 4
2 5. 4

--------------

1 The 46.4 percent is the proportion which Farm Security Administration
grants made in the 7 Plains
States were of all such grants in the United States. They are not "due the United States."
2 The 5.4 percent is the proportion which Work Projects Administration
expenditures in the 7 Plains
States were of all such expenditures in the United States. They are not "due the United States."

These figures do not include loans, grants, or payments made by
other Federal agencies, nor do they include any funds, or equivalent
thereof, deri;ved from the operations of the Agricultural Adjustment
Administration.
The precarious character of the agriculture, the desire to avoid
. relief as far as possible, the lack of power, the inaccess~bility of wa~er
supplies, and frequent low purchasing power have combrned to deprive
the great majority of rural farm dwellers of the Missouri Basin of a
high standard of living, as measured by the extent to which their
dwellings are supplied with certain conveniences considered essential
in even modest urban homes. The 1940 situation as reported by the
census was as f<;>llows:
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Percent of rural farm du!ellings

United States _______________________
-_- --_--- -- --

With electric light

With mechanical
refrigeration

Percent

Percent

Montana _____________________________
-- -- _--- --- ---- --Wyoming _____________________________________________
_
Colorado ______________________________________________
_
North Dakota _______________________________
-_____-__- .
South Dakota. ________________________
-_---- ---- . --- -- Nebraska _____________________________________________
_
Kansas ________________________________
----- ___-_-_-__-Iowa ____________
. __----- -. - -- ----- ---------- -- ---- -- -- Missouri ______________________________________________
_

•

31. 3

27. 8
31. 0
34. 6

15. 5
17.9
28.5
27.3
39.5
15.9

14.9
12. 7
13.2
14.9
2.3
4.8
12.2
17. 1
16. 3

8.5

With
running
water

Perc.ent

17.8

14. 7
16.1
21.3
6.0
11.8
22. 3
15. 7
21.5
6. 3

With in•
stalled
bathtub or
shower

I

Percent

---

11.8
9.0
10.3
12.4
4. 7
3.2
14. 0
11.5
15.4
4. 7

By all four of the above criteria, the two Dakotas stand at or near
the bottom of the list, and much below the average for the United
States.
PROBABLE

FUTURE

WITHOUT

IRRIGATION

Any candid examination of long-time weather records within the
Plains States reveals the inevitableness of recurring droughts. All
of the numerous scientific studies made, as well as observations by
early travelers and explorers, point in the same direction. Most
eloquent of all is the testimony of the years of experience on the
Plains and of the trends that have been established. Unless steps
are taken to reverse or modify these trends by all possible physical
means which conserve or add water, the evidence of past years
indicates that(1) Farm units will continue to increase in size.
(2) The total farm population will decrease.
(3) Rural towns and villages (those classified by the··census as
rural communities of less than 2,500 people) which have provided
high-school facilities and a trading center for the servicing of
rural area will continue to retrograde, while at the same time
the centers larger than 2,500 will continue to grow-the latter
group piling up an aging population having little opportunity
for earning.
(4) The present tendency toward migration out of the Plains
.toward crowded labor centers will continue. The labor market
may expect to see the first noteworthy effects of this trend in the
immediate post-war situation, when men and women who have
migrated from the Plains attempt to establish themselves in the
labor centers where many of them are now located.
(5) The present difficult living conditions will continue for a
large proportion of the population.
(6) When the years of drought come again, the Federal
Government, the States, and the municipalities will have to
furnish relief, and the individual land occupiers will have to
accept relief, borrow money, consume the reserves they have
lp,id up for old age, and suffer privations.
These privations may
· be avoided in considerable measure if a larger proportion of
permanently curative measures are adopted for the amelioration
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of conditions within the area. With respect to the consumption
of savings and insurance, emphasis is laid on .the fact that a high
proportion of the total population within the Missouri Basin
is a farm population, a class not generally provided for in the
Social Security System of the Nation, particularly as that system
relates to employment insurance. The labor output of farmers
drops sharply in drought years.
The irrigation of all irrigable acres is only one of the measures
necessary to stability in the Plains. It is recognized that much of
the land must forever depend upon natural precipitation; hence, the
general application of the most effective economic methods of soil
management and land use are indicated. To this end, there must be
the fullest cooperation of all interested iri soil and water conservation,
both public and private agencies, as well as of individual owners
and operators. The requirements of the farmer and of the rancher
stand at the head of the list-all other agencies affecting land use are
cre8ted to serve the producing units, and in the long run their value
to the Nation will be measured by the effectiveness of their serviceR
to the fundamental producing up.its.

APPENDIXES
APPENDIX I
Estimated construction cost
(Based on preliminary information and construction costs as of Jan. 1, HMO]
YELLOWSTONE

Unit

Mission Ditch._ ....................
.
Greycli1I. ...........................
.
Cave Canal extension .........
_..... .
Huntley extension .... _............
_.
Seven Mile Flat. ....................
.
North Custer .... _.... _........ _.... .
Hysham._ ..........................
.
Ant~lope Flat .......................
.
North Sanders ................
_..... .
Orinoco .............................
.
Chimney Rock ...... _...............
.
Highland Park ... __... _....... _..... .
Hathaway ..........................
.
Fort Keogh_ ..............
_._ ..... _..
Saugus-Calypso._._._._ .............
.
Buffalo Rapids, third division ....... .
Cracker Box .........................
.
Colgate ..........................
_.. .
Stipek ... _..... _....................
__
Intake ................
_.............
.
Savage ___..............
_.. __. _- _. --..
Elm Coulee._. __.. _.. _.............
__
Seven Sisters ....... ·--·_._ ...... _... .
Sidney extension ...................
__
Cartwright ....... _.................
_.
Billings drainage ... _.........
_.... _..
Custer drainage .....................
.
Fremont. __._.---· .... _... ··-- ...... _
Little Wind River. .................
.
Popo Agie River. ...................
.
Hudson Bench ......................
_
Shoshoni.. ......................
_... .
Bad water ..............
_............
.
Shoshone project extension ... _...... .
Owl Creek ..........................
.
Paintrock ...........................
.
Shell Creek ...............
_ ........ .
Big Horn pumping ..................
.
Hardin ...........
_.................
_.
Little Horn._ ...... _.... _._ ....... --·
Custer Bench._ ... _..... _...... _.. --·
Wyo la ...........
_.........
_........ .
Ben teen Flat .... _._._ ...............
.
Battlefield ..........................
.
Crow . _. . . . . . . . . . . . . . . . . . . . •._...... .
Whitehorse Bench ..................
.
Sheridan Canal .....................
.
Tongue River pumping··-···-······Piney ...............................
.
Buffalo ...................
• ..........
.
Crazy Woman •••••• ·---···-··--·-···
French Creek .. ··-·.-------·___.-·_.
Kaycee .. _....... ·-. __··-·-·_ ........ .
Arvada._ ...........................
.
U cross ..........
_...................
_
Moorhead ...........................
_
Shields River .......................
.
Sweet Grass .........................
.
Riverton extension ..................
.
9 676-44--13

Irrigation
distribution cost
$89,000
27,000
232,000
214,000
677,000
390,000
801,000
1,522,000
21,000
97,000
346,000
1,190,000
157,000
187,000
228,000
1,023,000
86,000
183,000
714,000
44,000
189,000
185,000
154,000
199,000
52,000
1,128,000
706,000
5,123,000
7,000
162,000
457,000
1,192,000
82,000
8,060,000
442,000
262,000
198,000
1,955,000
3,725,000
1,403,000
1,729,000
550,000
245,000
206,000
203,000
155,000
1,583,000
2,790,000
83,000
461,000
1,168,000
42, oco
1,227.000
1. 602,000
548,000
4.055, 000
0
0
3,oop,ooo

BASIN
Reservoirs
Total cost
Name

-------------------------------------------------------------------------------------------------------------------------------------------- ------ -------- -- - - - ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- - ---- - - - - --- ---- ----------- - - -- - - - - ------ - --

------------------------

-- --- -- - - - - -- -- -- - - - - - -------------------------

-----------------------DuNoir .........
_.....
Raft Lake __··-··-·····
Soral Creek .... _......
Onion Flat. ...........

-----------------------Bad water .............

Oregon Basin .........
Anchor_ ..... _.........
Lake Solitude __..... _.
Red Gulch. ----------

---------------------------------------------------------------------------------------------------------------------- ------- - - - ..- - - -- --- - ----------------------------------------------South Fork ...........
-- - - - - -----------------Willow Park ....... -..
Bull Creek ............
Smith ..............
·-·
Triangle Park .........
Middle Fork ..........
Lake Desmet ........ _
Moorhead.- ...........
Antelope ...........
_..
Sweetgrass ............

------------------------

Cost
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
$2,700,000
520,000
1,336,000
582)000
0
536,000
2,618,000
696,000
214,000
1,918,000
0
0
0
0
0
0
0

0
0
1,600,000
0
764,000
2,720,000
], 677,000
352,000
2,011,000
0
285,000
4,000,000
607,000
383,000
0

I

$89,000
27,000
232,000
214,000
677,000
390,000
801,000
1,522,000
21,000
97,000
346,000
1,190,000
157,000
187,000
228,000
1,023,000
86,000
183,000
714,000
44,000
189,000
185,000
154,000
199,000
52,000
1,128,000
706,000
7,823,000
527,000
1,498,000
1,039,000
1,192,000
618,000
10,678,000
1,138,000
476,000
2,116,000
1,955,000
3,725,000
1,403,000
1,729,000
550,000
245,000
206,000
203,000
155,000
3,183,000
2,790,000
847,000
3,181,000
2,845,000
394,000
3,238.000
1,602,000
833,000
8,055,000
607,000
383,000
3,000,000
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Estimated construction cost-Continued
YELLOWSTONE

Unit

BASIN-

Continued

Reservoirs

Irrigation
distribu•
tion cost

Total cost
Name

Cost

Other re~ervoirs and power plants:
Mission ___________________________________________________________________________
_
$12,278. 000
Hunter Mountain_ _
_ _ _ _________________________________________________
_
8,300,000
Thief Creek _______________________________________________________________________
_
14,177,000
Sunlight __________________________________________________________________________
_
3,433,000
Bald Ridge _______________________________________________________________________
_
7,419,000
Boysen ____________________________________________________________________________
_
8,202,000
Kane ______________________________________________________________________________
_
12,035,000
Yellowtail ________
•_________________________________________________________________
_
30,289,000
Tongue River _____________________________________________________________________
_
2,375,000
1-----1------

Subtotal, Yellowstone Basin ___ ·-- ______________________________________________
_
177,001,000
UPPER

MISSOURI

Red Rock _______________
•____________
_
$122,000
0
$122,000
Horse Prairie _______________________
_
44,440 Brenner ______________
_ $1,101,560
1,146,000
Clark Canyon ________
_ 5,834,000
nd0 n- - --- ---------1,022,500
Dillon Valley _______________________
_ 2,142,300 Lo
9,733,000
_
396,200
{Kelley _______________
Apex _________________
_
338,000
566,000
Ruby ________
- -- ---- ---- ----- ----- - -~
0
566,000
Dig Hole ____________________________
_
O Apex _________________
_
174,000
174,000
Jefferson ____________________________
_ 3, 285,000 Whitetail__ __________
_
58,000
3,343,000
Boulder _____________________________
_
O Terry ________________
_
529,000
529,000
_ 1,285,000
Three Forks ________________________
_ 32 926 250 {Taylor _______________
35,330,000
'
'
Bridger ______________
_ • 1,118,750
403,000 _______________________
_
Broadwater-Missouri_ ______________
_
0
403,000
153,000 _______________________
_
Clarkston pumping _________________
_
0
153,000
Helena Valley pumping _____________
_ 1,896,000
. 0
1,896,000
Rock Creek _________________________
_
12,ooo Wells ________________
_
275,000
287,000
Nilan _______________________________
_
11,900 Nilan ________________
_
402,100
414,000
Chestnut Valley extension __________
_
300,000 _---- __________
-- _-- _-- _
0
300,000
306,000 _______________________
_
Ulm Valley pumping _______________
_
0
306,000
Great Falls pumping ________________
_ 1,168,000
0
1,168,000
Newland ____________________________
_
184,000 Newland _____________
_
840,000
1,024,000
_
Sun River project extension _________
_ 1, 074, 000 _______________________
0
1,074,000
Stanford _____________________________
_
60,000 Stanford ______________
_
240,000
300,000
Hobson _____________________________
_
35,000 Hobson _____________
:._
760,000
795,000
Ross Fork ___________________________
_
105,000 Ross Fork ___________
_
480,000
585,000
Hanover ____________________________
_
5, 000 Snowy _______________
_
495,000
500,000
Lewiston ____________________________
_
300,000
0
300,000
Lower Marias _______________________
_ 12,892,000 Tiber ________________
_ 6,808,000
19,700,000
Saco Divide (pump) ________________
_
680,000
0
680,000
Teton Slope _________________________
_ 1,870,000 Wilion ________________
_ 2,530,000
.,400,000
Dodson pumping ___________________
_
62,000 ________________
---- ____
62,000
0
101,QOO_______________________
_
Fort Belknap drainage ______________
_
0
101,000
Fort Shaw drainage _________________
_
15,000 ____.. _________________
_
0
15,000
85,000 _______________________
_
Greenfields Lake drainage __________
_
0
85,000
Other reservoirs and power plants:
Lyons _______________________________
----- _---- _------------- --- - --- --- ----- ------ -2,498,000
Canyon Ferry _____________________________________________________________________
_
11,025,000
Portage_ _________________________ _____________ ________________________ ____________
_
4,600,000

}
}

Subtotal, Upper Missouri_______________________________________________________
_
103,614,000
MINOR WESTERN
Little Missouri_______________________ $540,000
740,000
Knife River-------------------------Heart River __________________________ 955.670
Cannonball Ri~r ____________________1,277,500
Grand River _________________________1~511,000
Moreau River ________________________
2,014,000
Cheyenne unit _______________________3,226,200
Edgemont ___________________________ 365,000
Belle Fourche. ____________________
- __
0
Bad River ___________________________ 300,000
White River _________________________2,015,000

TRIBUTARIES

Alzada __________
. -- -- . $1,900,000
Broncho ______________ 2,660,000
nickinson _____________ 311,330
{Heart Butte ___________ 1,585,000
Cannonball ___________ 500,000
{Thunder hawk ________
700,000
Shadehill ______________ 1,625,000
{Blue Horse ____________ 750,000
1,100,000
Bixby ____-----. -- --- -{ Green Grass __________ 1,525,000
Angostura __. __________ 3,050,000
Edgemont ____________ 1,195,500
Keyhole _______________ 750,000
North Fork ___________ 900,000
Rockyford ____________
3,525,000

Subtotal, minor western tributaries ________________________
12,944,370 -

----------------------

22,076,83~

}
}
}
}

$2,440,000
3,400,000
2,852,000
2,477,500
3,886,000
4,639,000
6,276,200
1,560,500
750,000

1,200,000
5,540,000
35,021,200
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Estimated construction cost-Continued
NIOBRARA, PLATTE, AND KANSAS

Reservoirs

Irrigation
distribution cost

Unit

Total cost
Name

Cost

Narrows_____________________________$5,000, 000 Narrows _____-··......
$10,000, 000
Sargent_ ............
-·_ ..... -· .. _... .
Farwell .........
___.................
_
. Lower North Loup __·--·-···-·-······
Plum Creek ..........
Cedar Rapids __.. ___.. ·- ... _.. _... -·_
8. 700. 000
Boelus ...............
. 20,000,000
Albion ..... _.. _.. __. __..... ___.. _._..
4,000,000
Dismal._ .............
.
Loup Valley··-·-------·-·-----·-····
1 44,800,000
Davis.·---·_.-·_ ..... . 12,000,000
Plum Creek·-·····-_-·_·--·_--··-·-··
Erickson
.....
____
._-·2,500,000
Grand Island._··-_--·-·-····-·-·····2,000,000
Prairie Creek .... __.·-._ ....... --· .. .
Loretto_ • - • · • -• -- -· ·-Osceola_..........
_._...... _..... ·-··
Bellwood.- ...... _..............
__... .
Schuyler ...... _._...... _. __.. _...... .
764,900
North Republican __._._-··-.........
160, 500 Wray ....... --······ ..
St. Francis_ .. __._ ... ____. __..........
792, 600 ·--·---··. ··--·· .... _.. _ . ·--. -------Wells .. __... _.. __. __. __._. __-·._ ... _.
1,140,300 -----·--· ..........
__... ·-·. -·· ··-·-Frenchman .... ____-·· ...... -········
656,000 Harvey ... .:........
-·-·
3,632, 500
Meeker .. ·- ......... _................
389, 700 ---------· ........
_.•.. _ ·--- -·-----··
Red Willow ...... _.... ·- ... _... _... _.
1, 200, 100 ................
_. - ..........
·-··· .. .
Cambridge ... -·•----······---········
1,149,500
•
Almena ........ -·- __.... -·-··--· ___..
420,800 Norton................
5,781,300
Oxford_..........
__._ .. ____.. __......
428,800 ... ·-·· ........
_. _. _............
···-·
Franklin. _..... _. __. __. __... _. . . . . . . .
692, 000 ................
__. . . . . . . ...........
.
Red Cloud_._. ____..... _. __.·- .. ___..
611,000 .............................
_...... .
Superior, Courtland_·-··-·······--···
4,955,300 ················-·······
········-···Republic_ ...........
_._. __... __... _..
781, 900 ...................
_........
_....... .
Scandia .... •··········-····-···-·····
836,300
9,000,000
Kirwin ..................
_............
1,000,000 Kirwin ...............
.
7,100,000
Webster ...............
_._............
700,000 Webster····-·· ...... _.
15,
500, 000
Glen Elder_·······-·-····-···········
1,810,000 Glen Elder ..••..•....
_
6,000,000
Wilson_...........
_............
··-...
1, 110.000 Wilson ...............
.
6,500,000
Cedar Blu:ffs... -·············-·······
1,111,000 Cedar Bluffs .... •-·-·,Kanopolis ........ _.... _._... _....... _ 2,390,000 Kana polis ...... _..... .
9,000,000
Other reservoirs and power plants:
Kortes ....... ___. __. _____.. _.. ____. -- . -· ._ .... -.. -····· ...... -··- .. -- - ---- - ---- ---Glendo .. _.... _-·_ ... _.. ___.. __..... ___-·. -···· _·- ·- ...... _. ___-· _.. ____... __. ______
Bonny_ .. _.. _.. _. ___. _______
.____ _. __. __. _... _ _........ _.. __. ___.. __.. ___... _______
Pioneer .... _. _. _.. _. ______. _----. - -. ---. - ----. --..... -. - . -. -- -. ---- -. . -. - -. -- -. - -..
Medicina Creek .. ___. ____.. _._-·_ . _. ·- -· _-·-·· _... ··--·. _______
-· __. _. ___. _.. ___.. .
Culbertson ..... _. _____.. ·- ____. __ -·- __.. _..... _..........
_... _........
_. __··-·· ... .
Harlan Company ...........
_....................
··-·· ................
_...........
.
Kanopolis ......... ___..... _.... _.................................
··-·. _.. -· ....... .
Cherry Creek_ .... _.. _........ _..... -· ... -·· ..............................
_....... .

!

l

Subtotal, Niobrara, Platte, and
Kansas.

$15, 000, 000

94,000,000

925,400
792,600
1,140,300
4,288,500
389,700
1,200,100
1,149,500
6,202,100
428,800
692,000
611,000
4,955,300
781,900
836,300
10,000,000
7,800,000
17,310,000
7,110,000
7,611,000
11,390,090
5,545,000
4,000,000
12,519,000
6,914,600
2,522,600
16,398,300
22,311,500
9,000,000
8,200,000
273, 025, 500

FORT PECK TO SIOUX CITY SUBDIVISION
Missouri-Souris Glasgow Bench_ .....
$4,886,000
4,775,000
Missouri River pumping·----··--···112 269 000
Nortbern division .. _.·-·--·.-··-·····
' '
6, 081, 000
Norih Dakota pumping ______
··--·-·3, 644, 000
South Dakota pumping_··-··-····--3, 519,000
New Rockford.----··----·-----·-·--Jamestown ___. ____. _. _...... _... _-·· _ 2,159,000
Oakes _____. ______-·-_._ ... -·--- ______ 2,043,000
84,500,000
Oahe (James River>--·--··----·---·-·
Other reservoirs and power plants:
Oabe ____.. _______
.... _.... _-· ______-.. -· ----··
Big Bend _____________
. ___..... _- --_---.. --. -Fort Randall ______
.. -·-_-··- ___. __ -· ________
·Subtotal, Fort Peck to Sioux
City.

0
•.• ··-·-····
_-··-·-··-- _
0
{Medicine Lake ____. ___ $7, 700, 000 }
2,720,000
CrosbY·--------··----__. __.. _________. _______
····- .. _-·- -·· ___·- ___·-

Jamestown.---·-·-·-··
------·-·--·--·--------·
. -- -·-·. ·-. -- _______. __.

0
0
0
4,825,000
0
0

.. -·- -··- _. ____... _. ____-· .. __... ____
-__.. -. _... -_-____.. __. _ --. __. _. __...
___........ -··- ___--·- _...... __-· .. __

$4,886,000
4,775,000
122, 689, 000
6,081,000
3,644,000
3,519,000
6,984,000
2,043,000
84,500,000
72,800,000
26,000,000
55,700,000
393,621,000
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Estimated construction· cost-Continued
LOWER MISSOURI SUBDIVISION
Reservoirs

Irrigation
distribution cost

Unit

Total cost
Name

Cost

Tuttle Creek ____________
---- __________________________________________________________
_
$28, 000, 000
Osceola_______________________________________________________________________________
_
28,500,000
Pomma de Terra ______________________________________________________________________
_
6,200,000
South Grand __________________________________________________________________________
_
110,400,000
, Chillicothe _________
- -- ___- ___--_--__- --- --- -_-- __- ----- _______________________________
_
28,500,000
Arlington _____________________________________________________________________________
_
7,300,000
Richland _______
-- _-- _____- ____________________________________________________________
_
6,900,000
Levee system _________________________________________________________________________
_
80,000,000
Subtotal, Lower Missouri_ ______________________________________________________
_
195, 800, 000
SUMMARY

Subdivision:

Cost

1

~Jir
;::lt1:f

ii!i:i

Fort Peck to Sioux
City_________________________________________________________________
tii~i~~ii;_~===
========
=======
=========
===
=======
=====
===============
===
==$393,621,000
Niobrara, Platte, and Kansas____________________________________________________________
273,025,500
Lower Missouri___________________
-_-_______
-__________________
- -- -- _____________________ 195,800,000
1

it~:1;;!~~~~;tts~if

=======
==================
======~=
====
================
========
===

·\li:'
888

Grand totaL ___________________________________________________________________________
1,257,645,700

APPENDIX II
COUNTIES

AND FRACTIONS

THEREOF

IN MISSOURI

BASIN

SUBDIVISIONS

Almost all economic and population data pertaining to Missouri
Basin subdivisions, and to individual stream basins are based upon
statistics obtained from the Federal Census (1940). The counties
and fractions thereof within each drainage basin and subdivision are
listed below. The boundaries of the subdivisions appear in the maps
within this report.
UPPER

MISSOURI

SUBDIVISION

(All counties in Montana)
Beaverhead.
Blain•e.
Broadwater.
Cascade.
Chouteau.
Deer Lodge, one-third of rural only.
Fergus.
Gallatin.
Garfield.
Glacier.
Golden Valley ..
Hill.
Jefferson.
Judith Basin.
Lewis and Clark, three-fourths of rural,
all of urban.

Liberty.
Madison.
Meagher.
Musselshell.
Petroleum.
Phillips.
Pondera.
Silver Bow, one-half, excluding Butte.
Teton.
Toole.
Valley, three-fifths of rural, plus Glasgow.
Wheatland.
Portions of basin in Dominion of
Canada.

MISSOURI RIVER BASIN
YELLOWSTONE

RIVER
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BASIN

(See maps in accompanying envelope)
Treasure, Mont.
Yellowstone, Mont.
Big Horn, Wyo.
Campbell, Wyo., one-third.
Fremont, Wyo., two-thirds.
Hot Springs, Wyo.
Johnson, Wyo.
Natrona, Wyo.
Park, Wyo.
Sheridan, Wyo.
Washakie, Wyo.
McKenzie, N. Dak., one-third.

Big Horn, Mont.
Carbon, Mont.
Custer, Mont.
Dawson, Mont.
Fallon, Mont.
Park, Mont.
Powder River, Mont.
Prairie, Mont.
Richland, Mont.
Rosebud, Mont.
Stillwater, Mont.
Sweetgrass, Mont.
MissouRr, FoRT

PECK

To Srnux CITY

(See maps)
(This subdivision includes certain counties, starred below, affected by diversion
of Missouri River waters, and certain affected by direct pumping from the main
stream of the Missouri River.)
Daniels, Mont.
Garfield, Mont.
McCone, Mont.
Roosevelt, Mont.
Sheridan, Mont.
Valley, Mont., two-fifths. 1
*Benson, N. Dak.
*Bottineau, N. Dak.
*Burke, N. Dak.
Burleigh, N. Dak.
Dickey, N. Dak.
*Divide, N. Dak.
*Eddy, N. Dak.
Emmons, N. Dak.
Foster, N. Dak.
Kidder, N. Dak.
LaMoure, N. Dak.
Logan, N. Dak.
McHenry, N. Dak.
McIntosh, N. Dak.
McKenzie, N. Dak., one-third.
McLean, N. Dak.
Mountrail, N. Dak.
Oliver, N. Dak., two-thirds.
*Pierce, N. Dak.
*Ramsey, N. Dak.
*Renville, N. Dak.
Sheridan, N. Dak.
Sioux, N. Dak.
1

Stutsman, N. Dak.
*Ward, N. Dak.
Wells, N. Dak.
Williams, N. Dak.
Armstrong, S. Dak., one-half.
Aurora, S. Dak.
Beadle, S. Dak.
Brown, S. Dak.
Brule, S. Dak.
Buffalo, S. Dak.
Campbell, S. Dak.
Charles Mix, S. Dak.
Davison, S. Dak.
Douglas, S. Dak.
Edmunds, S. Dak.
Faulk, S. Dak.
Gregory, S. Dak.
Hand, S. Dak.
Hughes, S. Dak.
Hyde, S. Dak.
Jerauld, S. Dak.
Lyman, S. Dak.
McPherson, S. Dak.
Potter, S. Dak.
Sanborn, S. Dak.
Spink, S. Dak.
Sully, S. Dak.
Walworth, S. Dak.

Two-fifths, excluding all statistics for Glasgow as far as separable.
MINOR

WESTERN

TRIBUTARIES

(Subdivisions by drainage basins)
Little Missouri:
Bowman, N. Dak., one-half.
Slope, N. Dak., two-thirds.
Billings.,z...N. Dak., two-thirds.
Carter, Mont.
Dunn, l'l. Dak., one-fourth.
Wibaux, Mont.
Golden Valley, N. Dak.
Hardin, S. Dak., one-fourth.
McKenzie, N. Dak., one-half.
Crooke, Wyo., one-fourth.
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MINOR WESTERN TRIBUTARIES-Continued
Knife:
White:
Dunn, N. Dak., three-fourths.
Bennett, S. Dak.
Mercer, N. Dak.
Jackson, S-. Dak., one-fourth.
Oliver, N. Dak., one-third.
Jones, S. Dak., one-half.
Heart:
Mellette, S. Dak.
Grant, N. Dak., one-third.
Shawnee, S. Dak.
Morton, N. Dak., three-fourths,
Todd, S. Dak., one-half.
plus Mandan.
Tripp, S. Dak:..t one-half.
Stark.
Washabaugh, .:,, Dak.
Cannonball:
Washington, S. Dak.
Adams, N. Dak., one-third.
Dawes, Nebr., two-thirds.
• Bowman, N. Dak., one-half.
Sharidan, Nebr., one-fourth.
Hettinger, N. Dak.
Sioux, Nebr., one-fourth.
Morton, excluding Mandan:
Slope, Cheyenne:
N. Dak., one-third.
Armstrong, S. Dak., one-half.
Grand:
Butte, S. Dak., two-thirds.
Adams, N. Dak., one-third.
Custer, S. Dak.
Bowman,1..N. Dak., one-half.
Fall River, S. Dak.
Corson, .:,. Dak.
Haakon, S. Dak., one-half.
Harding, S. Dak., one-half.
Lawrence, S. Dak.
Perkins, S. Dak., one-half.
Meade, S. Dak.
Pennington, S. Dak.
Moreau:
Butte, S. Dak., one-third.
Stanley, S. Dak., one-fourth.
Dewey, S. Dak.
Zieback, S. Dak., one-half.
Hardin, S. Dak., one-fourth.
Campbell, Wyo., one-half.
Perkins, S. Dak., one-half.
Converse, \\ryo., one-half.
Zieback, S. Dak., one-half.
Crook, Wyo., three-fourths.
Niobrara, Wyo.
Bad:
.
Haakon, S. Dak., one-half.
Weston, Wyo.
Jackson, S. Dak., three-fourths.
Sioux, Nebr., one-fourth.
Jones, S. Dak., one-half.
Stanley, S. Dak., three-fourths.
NIOBRARA, PLATTE, AND KANSAS SUBDIVISION,BY DRAINAGE BASINS
Niobrara:
Box Butte, Nebr., one-third.
Brown, Nebr., one-half.
Cherry, Nebr., two-thirds.
Dawes, Nebr., one-third.
Holt, Nebr., one-half.
Keya Paha, Nebr.
Knox, Nebr., one-half.
Sheridan, Nebr., one-half.
Sioux, Nebr., one-half.
Rock, Nebr., one-third.
Todd, Nebr., one-half.
Tripp, Nebr., one-half.
Platte:
Antelope, Nebr.
Arthur, Nebr.
Banner, Nebr.
Blaine, Nebr.
Boone, Nebr.
Box Butte, Nebr., two-thirds.
Brown, Nebr., one-half.
Buffalo, Nebr.
Butler, Nebr.
Cass, Nebr.
Cheyenne, Nebr.
Cherry, Nebr., one-third.
Cuming, Nebr.
Custer, Nebr.
Dawson, Nebr.
Dewel, Nebr.
Dodge, Nebr.

Platte--Continued.
Garden, Nebr.
Garfield, Nebr.
Grant, Nebr.
Greeley, Nebr.
Hall, Nebr.
Holt, Nebr., one-half.
Hooker, Nebr.
Howard, Nebr.
Kearney, Nebr.
Keith, Nebr.
Kimball, Nebr.
Lancaster, Nebr.
Lincoln, Nebr.; two-thirds.
Logan, Nebr.
Loup, Nebr.
Madison, Nebr.
McPherson, Nebr.
Merrick, Nebr.
Nance, Nebr.
Phelps, Nebr.
Pierce, Nebr.
Platte, Nebr.
Rock, Nebr., two-thirds.
Sarpy, Nebr.
Saunders, Nebr.
Scotts Bluff, Nebr.
Sheridan, Nebr., one-fourth.
Sherman, Nebr.
Stanton, Nebr.
Thomas, Nebr.
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BASINS-Con.

Kansas-Continued.
Platte-Continued.
Osborne, Kans.
Valley, Nebr.
Ottawa, Kans.
Wayne, Nefr.
Phillips, Kans.
Wheeler, Nebr.
Pottawattomie, Kans.
Albany, Wyo.
Rawlins, Kans.
Carbon, Wyo.
Republic, Kans.
Converse, Wyo., one-half.
Riley, Kans.
Fremont, Wyo., one-third.
Rooks, Kans.
Goshen, Wyo.
Russell, KanR.
Laramie, Wyo.
Saline, Kans.
Natrona, Wyo., one-half rural plus
Scott, Kans., two-thirds. •
Casper, Wyo.
Shawnee, Kans.
Platte, Wyo.
Sheridan, Kans.
Sweetwater, Wyo.
Sherman, Kans.
Adams, Colo.
Arapahoe, Colo.
Smith, Kans.
Thomas, Kans.
Boulder, Colo.
Clear Creek, Colo.
Trego, Kans.
Denver, Colo.
Wabaunsee, Kans.
Douglas, Colo.
Washington, Kans.
Elbert, Colo.
Wichita, Kans., one-third.
Jackson, Colo.
Wallace, Kans.
Jefferson, Colo.
Adams, Nebr.
Larimer, Colo.
Chase, Nebr.
Logan, Colo.
Clay, Nebr.
Morgan, Colo.
Dundy, Nebr.
Park, Colo.
Fillmore, Kans.
Weld, Colo.
Franklin, Nebr.
Kansas:,
Frontier, Nebr.
Atchison, Kans.
Furnas, Nebr.
Cheyenne, Kans.
Gage, Nebr.
Clark, Kans.
Gosper, Nebr.
Cloud, Kans.
Hamilton, Nebr.
Decatur, Kans.
Harlan, Nebr.
Dickinson, Kans.
Hayes, Nebr.
Douglas, Kans.
Hitchcock, Nebr.
Ellis, Kans.
Jefferson, Nebr.
Ellsworth, Kans.
Lincoln, Nebr., one-thir<i
Geary, Kans.
Nuckolls, Nebr.
Gove, Kans.
Perkins, Nebr.
Graham, Kans.
Polk, Nebr.
Greeley, Kans., one-third.
Red Willow, Nebr.
Jackson, Kans.
Saline, Nebr. ~
Jefferson, Kans.
Seward, Nebr.
Jewel, Kans.
Thayer~ Nebr.
Johnson, Kansas, one-half.
Webster, Nebr.
Leavenworth, Kans.
York, Nebr.
Lincoln, Kans.
Kit Carson, Colo.
Logan, Kans.
Phillips, Colo.
Marshall, Kans.
Sedgwick, Colo.
Mitchell, Kans.
Washington, Colo.
Nemaha, Kans., one-half.
Yuma, Colo.
Norton, Kans.
LOWER

Brookings, S. Dak.
Bon Home, S. Dak.
Clark, S. Dak.
Clay, S. Dak.
Codington, S. Dak.
Day, S. Dak.
Deuel, S. Dak.
Hamlin, S. Dak.
Hanson, S. Dak.
Hutchinson, S. Dak.

MISSOURI
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Kingsbury, S. Dak.
Lincoln, S. Dak.
Marshall, S. Dak.
McCook, S. Dak.
Minnehaha, S. Dak.
Miner, S. Dak.
Moody, S. Dak.
Turner, S. Dak.
Yankton, S. Dak.
Union, S. Dak.
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LOWERM1ssouR1 SuBDIVISION-Continued
Lake, S. Dak.
Jackson, Minn.
Murray, Minn.
Nobles, Mi'nn.
Pipestone, Minn.
Rock, Minn.
Burt, Nebr.
Cedar, Nebr.
Dakota1,....
Nebr.
Dixon; 1'\Jebr.
Douglas, Nebr.
Johnson, Nebr.
Knox, Nebr., one-half.
Nemaha, Nebr.
Oteo, Nebr.
Pawnee, Nebr.
Richardson, Nebr.
Thurston, Nebr.
Washington, Nebr.
Adair, Iowa.
Adams, Iowa.
Appanoose, Iowa.
Audubon, Iowa.
Buena Vista, Iowa.
Cass, Iowa.
Cherokee, Iowa.
Clay, Iowa.
Crawford, Iowa.
Decatur, Iowa.
Dickinson, Iowa.
Emmet, Iowa.
Fremont, Iowa.
Harrison, Iowa.
Ida, Iowa.
Lyon, Iowa.
Mills, Iowa.
Montgomery, Iowa.
Monona, Iowa.
O'Brien, Iowa.
Osceola, Iowa.
Page, Iowa.
Plymouth, Iowa.
Pottawattomie, Iowa.
Ringgold, Iowa.
Sac, Iowa.
Shelby, Iowa.
Sioux, Iowa·.
Taylor, Iowa.
Union, Iowa.
Wayne, Iowa.
Woodbury, Iowa.
Anderson, Kans.
Bourbon, Kans.
Brown, Kans.
Doniphon.
Franklin, Kans.
Johnson, Kans., one-half.
Leavenworth, Kans., one-half.
Linn, Kans.
Miami, Kans.
Nemaha, Kans., one-half.
Osage, Kans.
Wyandotte, Kans.

Adair, Mo.
Andrew, Mo.
Atchison, Mo.
Bates, Mo.
Benton, Mo.
Boone, Mo.
Buchanan, Mo.
Caldwell, Mo.
Callaway, Mo.
Camden, Mo.
Carroll, Mo.
Cass, Mo.
Cedar, Mo.
Chariton, Mo.
Clay, Mo.
Clinton, Mo.
Cole, Mo.
Cooper, Mo.
.Dade, Mo.
Dallas, Mo.
Daviess, Mo.
DeKalb, Mo.
Gasonade, Mo.
Gentry, Mo.
Greene, Mo.
Grundy, Mo.
Harrison, Mo.
Henry, Mo.
Hickory, Mo.
Holt, Mo.
Howard, Mo.
Jackson, Mo.
Johnson, Mo.
Laclede, Mo.
Lafayette, Mo.
Linn, Mo.
Livingston, Mo.
Macon, Mo.
Maries, Mo.
Mercer, Mo.
Miller, Mo.
Morgan, Mo.
Montgomery, Mo.
Montineau1..1V10,
Nodaway, lVlo.
Osage, Mo.
Pettis, Mo.
Phelps, Mo.
Platte,_ ]\'lo.
Polk, 1v10.
Pluaski, Mo.
Putnam, Mo.
Randolph, Mo.
Ray, Mo.
Saline, Mo.
St. Clair, Mo.
Vernon, Mo.
Sullivan, Mo.
Warren, Mo.
W ebsteri Mo.
Worth, Mo.
Wright, Mo.
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APPENDIX

III

(Folded maps, separate from the report)

Maps of States, showing locations of dams, reservoirs, canals,
irrigable areas, and other works proposed as parts of a unified plan for
the development of the water resources of the Missouri River Basin:
Colorado.
Nebraska.
Kansas.

Montana.
Wyoming.
North Dakota.
South Dakota.

A map of the Missouri River Basin, showing existing and proposed
parks and recreational locations included in the program of the
National Park Service, and the facilities of the Fish and Wildlife
Service.
The term "arable", when used on these maps, refers to irrigable
lands.
APPENDIX
GEOLOGICAL
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The plans of the Geological Survey for investigational work in the
Missouri River Basin during 3 years of the post-war period provide for
expansions of activities beyond current programs as follows:
First
year

Second
year

Third
year

Total

For installation of 129new gaging stations, at an average cost of
$1,500per station _____________________________________________
$67,500
For operation of new stations, at $600annually per station ______ Zl, 000
For groundwater studies in regions where problems are most
pressing; investigating the equivalent of about 30 counties
(out of say 400 counties in the basin) _________________________
100,000
For quality of water studies, including both chemical quality
with special reference to uses in agriculture and industry and
to silt content in its relation to reservoir and channel capacities __________________________________________
--------,-- _______ 98,000
For utilization studies related to problems in water power, navigation, irrigation, and range development and operation ______ 50,000
· Total _____________________
-----------------------

__ •_____ 342,500

$66,000
53,400

$60,000
77,400

$193,500
157,800

200,000

200,000

500,~

75,000

75,000

248,000

50,000

50,000

150,000

444,400

462,400

1,249,300

As an authorized Federal agency for making general investigations
of the Nation's water resources, the Geological Survey makes surveys
and reports that are basic to the development and utilization activities
of all agencies, to the judication and administration of rights, and to
the determination of equities. For these purposes the Survey measures the daily flow of surface streams; records fluctuations of lakes and
reservoirs; investigates ground water to ascertain availability, depth,
recharge, discharge, and storage; makes chemical analyses of both
surface and ground water with special reference to their fitness for
use in agriculture and industry and to their proper treatment for public
and domestic water supplies, industrial processes and steam-boiler
use; and prepares statistical and interpretative reports-all with view
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to furnishing reliable information that is essential as a basis for the
full and best use of the wa.ter resources. It serves also as adviser to
the State Department in connection with international questions
arising from the utilization and physical control of boundary waters.
The information collected and published by the Geological Survey
is used by Federal, State, and municipal officials, in connection with
administration, operation, and utilization; by engineers and superintendents in connection with planning, design, construction, and opera.tion; by financiers in connection with the security of investments;
and by lawye.rs and by courts in connection with titles, equities, and
damages. Its work is financed in part by direct congressional appropriation, in part, by cooperative funds provided by States and municipalities and, in part, by funds furnished by other Federal agencies.
Since the Missouri River Basin (17}' percent of continental United
States) is international and interstate, contains mountains and plains,
humid and semiarid sections, extends through wide ranges of latitude
(10°) and longitude (22°), has great diversity of resources, both mineral
and agricultural, its water.problems are many, varied, and important.
As precipitation is heaviest in the mountains, water is generally most
abundant in the western part where there are many perennial surface
streams. Problems related to its availability and use arise in all parts
of the basin and are very acute in many sections of scant precipitation
and few small surface streams.
The Survey's current program of water investigations in the Missouri River Basin is conducted in cooperation with all of the 10 States
lying in whole or in part in the basin, and with other Federal bureaus
and departments, notably, the Corps of Engineers, United States
Army, the Office of Indian Affairs, and the State Department.
I ts
plans, which contempla.te expansions of the program along all lines
of the Survey's activities related to water, in an attempt to meet the
diverse and growing Federal, State, and local needs, are set forth below,
under four headings, "Surface water," "Ground water," "Quality of
wa.ter," and ""\iVaterutilization."
SURFACE WATER

Missouri River Basin.-Surface•water
is used largely in the Missouri
River Basin in connection with irrigation, hydraulic power, and navigation. In the investigation of the quantity and availability of surface
water, an expansion of the present program is planned to include a few
additional gaging stations on the Missouri and its large tributaries
and many new stations on small tributary streams that are valuable
for irrigation, and on reservoirs, the stages of which are indices of the
a.mounts of water in storage and of available reservoir capacities.
At the end of January 1944 the Geological Survey, in cooperation
with other Federal agencies and State agencies, was operating 466
gaging stations in the Missouri River Basin, including 19 international
stations., Some stations were being operated in each of the 10 States
which lie wholly or partly in the basin. For a more complete coverage
of the streams in the basin the establishment and operation of 129
additional stations is recommended. The distribution of the existing
stations and· of the additional stations among the principal areas of the
basin and among the States is a.s follows:
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Existing
stations
Areas:
Above Yellowstone
River _____-- - - --- -- - - - Yellowstone River _______
Between Yellowstone
and Platte Rivers _____
Platte River and areas
below to mouth _______

251

23

TotaL ______________

466

129

73

38
38

70

30

72

Additional
stations

Existing
stations

Additional
stations

States:
Montana ________________
-North Dakota ___________
South Dakota ___________
Wyoming _______________
Nebraska ________________
Minnesota _______________
Iowa ____________________
Colorado ________________
Kansas ________________
-Missouri ________________

104
16
26
87
75
5
19
57
37
40

TotaL _________________

466

50

5
18
31
18
0
2

0
1
4
129
I

Estimated cost of additional gaging stations
Installation: 129 stations, at average cost of installation of $1,500 per station ______________
---- -- __ $193,500
Annual operation: 129 stations, at average cost of $600 per station __________------------------77,400

#

Sour1:sRiver Basin.-The Souris River Basin enters into the Missouri River problems because of the proposal to irrigate a large body of
land in the Souris River Basin by means of water diverted from the
Missouri River.
•
At the end of January, 1944, eight gaging stations were being operated in the Souris River Basin. These include six discharge stations
on the main river, a station for the determination of monthly gage
heights and contents of Lake Darling, and a discharge station on Wintering River.
Stations near the eastern and western crossings of the United States
and Canada boundary are operated as international gaging stations.
The principal tributary of Souris River in the United States appears
to be Des Lacs River and it is suggested that a former gaging station
on that stream in the vicinity of Foxholm be reestablished.
Sheyenne River Basin.-The Sheyenne River enters into Missouri
River problems because of the proposal to divert water from the
Missouri River to Devils Lake, and to utilize the channel of Sheyenne
River in the conduct of this water for a distance of 50 miles, more or less.
Sheyenne River rises in central North Dakota and joins Red River of
the North in the vicinity of Fargo. Gaging stations were. being
operated at the end of January, 1944 at three points: Sheyenne, Valley
City, and West Fargo. An additional station is proposed for the
upper part of the basin in the vicinity of Harvey, and within the part
of the river that is proposed to be used for conducting Missouri River
waters.
Devils Lake is in an inland basin of about 3,500 square miles lying
north of Sheyenne River Basin. The area of the lake was reported as
115 square miles in 1883. From topographic maps made in 1928 the
area was found to be 20 square miles. In 1940 the lake was 12 feet
lower than in 1928.
,
GROUND WATER

•

Current need for ground-water study.
Ground water is the chief source of supply in the Missouri River
Basin for public water works, railroads, do~estjc supplies, and stock
and farms. It is also used extensively for irrigation, air-conditioning,
and industrial purposes, and furnishes the fair weather flow of streams.
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In parts of the Basin the ground-water supply is considered inadequate
to meet the increasing demands placed upon it; in other parts, however,
the supply is ample for much increased development. The quantity
and quality of the supply that can be developed at any one place in
the basin is governed largely by the character, thickness, and areal
extent of the geologic formations, proximity to areas in which water
may enter or leave the formations, and amount of water available for
recharging the formations. The formations tapped by wells, and from
which springs issue, vary greatly in character, thickness, and areal
extent over the basin, as do the other hydrologic factors that control
the development and utilization of the ground water. The development to date has been chiefly unplanned and expedient owing to
inadequate geologic and hydrologic records and imperfectly understood ground-water principles. There is urgent need for thorough
systematic study of the occurrence of the ground water throughout
the entire basin, and the inauguration of the systematic collection of
water-supply records in order that the available supply may be put to
optimum use. The nece~sity for such a study has been made apparent
by the diminution of the supplies obtained from wells in some places;
by the difficulties encountered by cities, farmers, railroads, stock
raisers and others in obtaining adequate supplies of good quality; by
the large sums of money spent, often unnecessarily, in attempting to
improve the supplies or to alleviate undesirable conditions produced
by the construction of dams, irrigation canals, drainage ditches and
other structures; by prolonged legal controversies over water rights;
return flow from irrigated areas and the operation of well systems; and
by the great demand for factual information on which to base estimates
of the effects of ground-water conditions on the development of water
projects.
The principal objective of the comprehensive ground-water study
of the Missouri River Basin is the quantitative evalua.tion of groundwater recharge, discharge, anrl stora.ge. Such study will furnish
data for solving the multitude of problems that are controlled or •
affected in some degree by the occurrence of water below the surface.
The study should be made systematically by counties and should
include the collection of records of the quality of the water, pumpage
from wells, fluctuations of water levels in wells, measurements of the
gain in flow of streams that yield large quantities of water during
fair weather, determination of direction and quantity of movement
of the ground water, depth of the ground water below the land surface, water-yielding properties of the formations and their thickness
and areal extent, areas in which large quantities of ground water are
used by vegetation, amount of rainfall penetration to the subterranean
reservoirs, seepage from canals and reservoirs, and the mapping of
areas in which artificial recharge may be practiced successfully. The
evaluation of these factors will poovide basic information for determining the efiect of diversions from streams on the flow of these
streams in their lower reaches, the trend of the ground-water levels
in areas of heavy development, and the perennial yield of the waterbearing formations, the effect of pumping from wells on the flow of
streams, and the effect of the construction of dams, irrigation canals,
reservoirs and drainage ditches on the level of the water table and on
the flow of streams. To a large extent the future development _of
the Basin will depend on obtaining permanent and adequate supphes
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of good water. The results of the study will therefore be of great
practical and economic importance to the millions of residents in the
Basin who must always depend largely upon wells and springs.
General ground-water conditions in the Bas·in.
Region of glacial drijt.-The part of the Missouri River Basin lying
in northern Montana, northern and eastern North Dakota, eastern
South Dakota, eastern Nebraska and western Iowa, eastern Kansas
and northern Missouri, is almost everywhere underlain by glacial
drift. ' In places the drift is composed of poorly assorted mixtures
of clay, silt, and boulders, that absorb water but transmit it very
poorly. In other places the drift consists of assorted deposits of
sand and gravel that both absorb and transmit water with ease.
The sand and gravel deposits, which are the chief sources of supply
for wells and springs, occur at the surface in only a few localities;
most of these permeable deposits are buried beneath the surficial
materials and are known only where penetrated by wells. These
deposits furnish water supplies for many of the towns and farms in
the drift region, especially in North Dakota and South Dakota where
the deposits are the thickest. Because of the general lack of visual
evidences of the existence of these permeable deposits, they have not
been developed everywhere effectively. 11any untapped deposits
undoubtedly occur throughout the area and such deposits should be
found and delineated by test drilling. At places the deposits can be
artificially recharged by water from streams, reservoirs, and canals
which, over a period of years, will result in a greatly increased groundwater supply that will increase and maintain the yield of wells and the
fair weather flow of streams. Such recharge will doubtless occur· in
North Dakota with the construction of the Souris project. Where
the sand and gravel deposits occur in extensive buried channels, the
effects of artificial recharge may extend for long distances and, where
geologic and hydrologic conditions are especially favorable, will
result in increa.sed artesian pressure and increased flow of wells.
Ancient lakes and rivers occupied parts of the drift area during
glacial times, and in some of these places permeable deposits were
laid down that now provide excellent sources of water supply. One
such lake basin, Lake Dakota in the James River Ba.sin in southeastern North Dakota, \Vas found by the Geological Survey to be
underlain by many feet of clean water-bearing sand that will supply
adequate quantities of pure water for irrigation, industrial, and other
uses. At the present time the basin is essentially undeveloped.
The drift area should be mapped geologically and hydrologically in
such detail that each town will be provided with adequate data on the
best nearby sources of water supply, the quality of the water, and the
quantity from each source that will be available over a long period of
use. Orderly development of the communities' water-supply systems
can then be effected as the need arises.
Where permeable sand and gravel deposits occur in the valleys of
perennial streams, such deposits constitute a large potential source of
water supply. Properly constructed wells in such valleys may yield
large quantities of water that in part may be replenished by the flow of
streams. This method of utilization takes advantage of the filtering
action of the permeable deposits and results also in providing relatively
cool water in the summertime and relatively warm water in the winter-
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time. The success ~f such developme~ts dep~nds largely on locating
the wells properly with respect to the mfiltration reaches of the river
a~d on_t~e construction of suitable wells. T~e g:round-water study
will delimit the areas where developments of this kmd are feasible and
indicate the quantity of water that may be made available.
A part of the drift region in North Dakota, South Dakota Iowa and
Nebraska is underlain by the Dakota sandstone, which is' tapped by
many deep wells. The Dakota sandstone has extensive areas of
artesian flow but the waters are highly mineralized at many places.
In southeastern North Dakota the artesian pressure has declined more
than 300 feet since the first wells were drilled to the Dakota sandstone
in about 1890, but the flow is now believed to be approaching a balance
with the recharge. The average flow per well has, however, decreased
from about 20 gallons to only slightly more than 1 gallon a minute.
There are in the area of artesian flow many so-called ''wild wells'', from
which considerable water is wasted, and measures for controlling or
stopping the flow of these wells should be developed by the investigation. Much of the water obtained from the wells tapping the Dakota
sandstone at Sioux City is derived by seepage into the sandstone from
the Missouri River. The inv.estigation of the Basin will include further
study of the Dakota sandstone in order that the water from it may be
utilized to the fullest extent for beneficial purposes.
The drift in the lower part of the Missouri River Basin, in southeastern Nebraska, southwestern Iowa, northeastern Kansas, and
northern Missouri, is at many places very thin and many of the groundwater supplies are obtained from alluvium in the valleys of the smaller
streams. Some of these streams originally had tortuous courses and
were subject to perennial floods. In an effort to reduce the flood
hazard, the stream channels were straightened and deepened, in some
places the alluvium was entirely excavated and the underlying har(J
rocks were exposed in the bottom of the channels. Although this lessened the frequency of floods in some valleys, it resulted in the draining away of much of the water that was stored in the alluvium with
a result that town, farm, and railroad supplies and the fair weather
flow of streams were made less reliable. The investigation will include a study of present and proposed drainage projects with a view
of preventing the recurrence of such conditions, and the effecting of
a compromise between protecting the water supply and alleviating
poor drainage.
Montana and Black Hills Cretaceous region.--Much of the Yellowstone River Basin in Montana and Wyoming, the part of North Dakota lying south and west of the Missouri River, and a part of northwestern South Dakota are underlain by the Lance and Fort Union
formations. Fairly good water in quantities adequate for domestic
and livestock supplies and small municipal supplies are generally obtained from strata or lenses of sand, gravel, and coal. These formations usually rest on Pierre shale, a thick, dense shale that yields no
water, or only meager amounts generally of poor quality. Hence,
locally, where the Fort Union and Lance are absent, or do not yield
adequately, there is great difficulty in obtaining satisfactory supplies.
Very few data are available on the ground water of this region and
thorough study is greatly needed.
The region surrounding the Black Hills, including most of Sol!th
Dakota west of the Missouri River and a strip of eastern Wyommg
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and northern Nebraska, is underlain by unproductive Cretaceous formations. The Pierre shale or shales of the White River group of
formations occur at, or very close to, the land surface. The principal
aquifer is the Dakota sandstone, which underlies the entire region
except the Black Hills but it is several thousand feet below the surf ace in most localities. On the whole, ground-water supplies of this
province are meager. Most municipal supplies in the region are of
poor quality and of inadequate quantity.
The water supply for some
towns is hauled many miles.
Plateau region.-The central parts of Montana and Wyoming consist of an arid to semiarid plateau region that is underlain by sedimentary formations, ranging in age from Paleozoic to Tertiary, not
violently deformed but sufficiently warped and broken to produce
a close relation between rock structure and the occurrence of ground
water and to cause a rather rapid variation in ground-water conditions
from place to place. On the whole, water supplies are not plentiful
and not of very satisfactory quality. Where thick formations of
nearly impervious material, such as shale, are at the surface, or where
the plateau is greatly dissected, water supplies are very scarce.
Locally, however, sandstone aquifers are within reach of the drill and
may yield very satisfactory supplies, in some places giving rise to
flowing wells. Productive water-bearing sands and gravels, • of
Pleistocene or Recent age occur in some places, particularly in some
of the stream valleys. Only meager information is available on the
productivity and reliability of the ground water in this region.
Great Plains region.-The remainder of the Missouri drainage basin,
consisting of most of Nebraska, northern Kansas, eastern Colorado, and
eastern Wyoming, is underlain by Tertiary sands and gravels, that are
exceptionally satisfactory for water supplies over extensive areas
where they underlie the smooth and almost uneroded plains. They
yield large quantities of good water to relatively shallow wells. Most
of the valleys of the rivers contain comparatively thick deposits of
clean sand and gravel of Pleistocene or Recent age, that supply large
quantities of good water to wells. On the whole, the Great Plains
region is the most productive ground-water region in the Missouri
drainage basin and at places much future development can be made.
The sand hills area in central Nebraska constitutes one of the largest
and most productive subterranean reservoirs in the United States.
Except for sustaining the fair weather flow in the Elkhorn, Loup, and
other rivers, the ground water in the sand hills is virtually unused.
Tne Geological Survey has made several recent investigations of
ground-water conditions in the Great Plains province. One of these
covered the central Platte Valley, where irrigation with well water is
increasing rapidly. Continued observations on ground-water levels
carried on since 1930 indicate a general decline of several feet, but it
is not known whether the perennial ground-water yield of the valley
has now been reached. The study showed that tne water-bearing
sand and gravel of the valley may be artificially recharged if necessary,
by water from Wood River or from the Platte River.
The dam and reservoir of the Central Nebraska public power and
irrigation district is situated on the North Platte River in Keith
County. Periodic observations on the water levels in wells are being
made to determine the effect of storage of water in this reservoir on
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ground-water conditions in the county. An investigation in 1937
made by the Geological Survey showed that ground-water levels at
places in Scott's Bluff County, Nebr., have been raised as much as
150 feet as a result of the operation of the Pathfinder project. It
also showed that a close relation exists between ground-water levels
and return flow from irrigation and that many of the drainage and
irrigation problems of the county can be alleviated to a large extent
by the application of recognized ground-water principles. Another
investigation made in 1938 in Box Butte County on the High Plains
showed that this area is underlain by great thicknesses of saturated
sand that will yield large quantities of water to wells. However, only
a small amount of irrigation development has yet taken place.
Other areas in the Platte drainage basin should be given detailed
study in order that the conditions in the Basin as a whole may be
integrated with respect to water-supply utilization.
Much test drilling has been done in the valley of the Republican
River in Nebraska, Kansas, and Colorado. Investigations have shown
that at places there is· ample water for considerable irrigation from
wells, but that the most effective utilization of the water of the basin
can be achieved by.the combination of the ground-water and surfacewater irrigation, depending upon the geographic and geologic conditions. Such combined use will prevent waterlogging of low-lying
lands and the waste of water by undesirable vegetation.
Complex problems involving the relation of ground water and surface water exist in the South Platte Basin in Colorado, where extensive
irrigation with water from wells has been made possible by the increase
in ground-water storage, owing to surface-water irrigation. The use
of ground water by plants has also increased, and the ground-water
investigation should be directed toward determining to what extent
the water pumped from wells reduces the return flow and ava.ilable
water to downstream users and to what extent the water pumped is
salvaged by reducing transpiration losses.
Methods of study.
The following procedure is proposed: The study can best be made
by counties, and each such county should be given separate and special
attention according to the nat-q.re of its ground-water problems. The
county unit is a logical subdivision because it is easy to locate, and
the movement of ground water is so slow-generally a few hundred
to a few thousand feet a year-that
conditions in each county may
be considered and studied separately. First attention should be given
to those counties in which critical ground-water problems now exist, or
in which water-project developments will soon take place.
Collection of data.
Test drilling.-The character, thickness, and areal extent of the
water-bearing formations can best be ascertained by drilling small
test holes. The Geological Survey, in cooperation with the Conservation and survey division of the University of Nebraska and the Kansas
Geological Survey, has for several years been carrying on test drilling
of this kind in Nebraska and Kansas. Data have thus been collected
that are invaluable in determining ground-water conditions for the
comprehensive study of the Missouri Basin. It will be desirable to
purchase drilling rigs and to operate them continuously throughout
the period of investigation. The character, thickness, and areal ex-
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tent of the alluvium in the valleys of the streams will be determined
and the location of permeable deposits beneath the uplands will also
be determined. This method of exploration will be particularly valuable in the drift region, where geologic conditions cannot be ascertained by inspection and where the development of new water supplies
is vital.
Pumping tests.-Pumping
tests will be made wherever_ possible,
usually on existing wells. The recent advancement in pumping-test
methods makes possible the determination of the water-yielding properties of formations and provides practical means for determining well
spacing, quantities of water to be expected from wells of different size,
draw-down of the ground-water level, interference of one well with
another, amount of water derived from flow of nearby streams, local
geologic conditions affecting the occurrence of ground water, and the
design of well fields.
Geologic correlation.-Geologists with ground-water experience will
study and correlate the samples obtained from the test holes and outcrops of the formations. Such study will aid in planning further test
drilling, in locating new supplies, and improving existing supplies.
Pumpage inventory.-Records will be obtained of the quantities of
water withdrawn from wells throughout the basin in order that these
data may be available for use in conjunction with studies of fluctuations of water level in determining the perennial yield of the formations.
Records will be obtained from each town, irrigated area, railroad, and
industrial plant and measures will be developed for obtaining continuing records of this kind for the future.
Water-level measurements .-In order to determine the trends of
ground-water levels, and the changes in ground-water storage, an
enlarged program of measurements of water levels in wells will be
started and periodic observations will be made. The number and
location of the observation wells in each county will depend upon the
importance and complexity of the ground-water conditions. Some of
the wells will be equipped with automatic water-stage recorders.
Other wells will be measured once a week, once a month, or only a few
times a year. - New observation wells will be placed in areas of heavy
ground-water pumpage and in areas in which water-development
projects are to be made. They will be established also near dams,
reservoirs, irrigation canals, and drainage ditches in order to ascertain
the effects of the operation of these structures on ground-water conditions. Observations of this kind are now being made in connection
with the operation of the reservoir and canal system of the central
Nebraska public power and irrigation district and the Loup River
public power district.
Depth to water level.-The study will include an inventory of existing
wells and information will be obtained on the size, depth, and diameter of the wells, the kind and size of pump and the use to which the
water is put. Maps will be prepared, where feasible~ showing lines of
equal depths to water level.
.
Delimiting areas in which vegetation draws heavily on ground water.Where ground water occurs at shallow depths, the roots of plants and
trees extend to the capillary fringe or to the zone of saturation and
they extract water in a manner similar to the pumping of a well.
Large quantities of ground water are consumed in this manner in the
Missouri River Basin, much of it by useless vegetation. Probably
98676-44-14
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the greatest potential source of salvage of ground water lies in the
reduction of vegetal uses that have little or no value, and the study
should include the mapping of areas with a view towards effecting
measures for reducing this wastage of water. The tremendous use of
ground water by vegetation is iUustrated by the results of the investigation in the Central Platte Valley, to the effect that in a stretch of
the valley of about 130 miles between Chapman and Gothenburg, the
use of ground water by valueless plants during the period of the
investigations amount to about 390,000 acre-feet a year. Similar
conditions prevail at many other places in the basin, including localities where irrigation with surface water has raised the ground-water
levels and has created new areas of vigorous plant growth.
Mapping areas favorable for artificial recharge.-The building up of
ground-water storage through artificial recharge from reservoirs and
irrigation canals is apparent in many places and the construction of
new projects, such as the Souris project, will undoubtedly augment
ground-water storage. In addition, the flood flows of some of the
streams can be diverted in such a manner that there will be seepage
into the subterranean reservoirs where geologic conditions are favorable. The study will include the mapping of such areas, especially
where the present supply is meager or overdeveloped, or where it may
be expected to become overdeveloped in the future. Artificial
recharge may be effected in some of the cities through recharge wells
in which water is fed into the water-bearing formation during certain
seasons of the year in order that it will be available for use in the
other seasons. The lowering of the water table along streams produces conditions favorable for artificial recharge in the sense that
seepage is then induced from the streams into the subterranean reservoirs. The location of well fields near streams to take advantage of
this source of water, including the filtering action of the sands and
gravels and the more uniform temperature of the ground water, will
undoubtedly prove to be the most logical solution for many watersupply problems of the basin. The ground-water study of the basin
will include the mapping of stretches of the stream valleys that are
favorable for this kind of ground-water development.
Interpretation of data and preparation of reports.
The data gathered in the field study will be interpreted by competent engineers and geologists, and both the data and the interpretation will be presented in comprehensive county reports. These county
reports will constitute an inventory of the ground-water resources of
the Missouri River Basin. They should form a reference library of
information on the subject that will be invaluable in future planning
for all kinds of water development. The interpretation of the data
will be directed toward specifying new sources of supply for cities,
railroads, farms, industries, and irrigation, and methods of improving
the present supplies.
Estimates of cost:
The collection of the data, the interpretation of these data, and
the preparation of the county reports will be carried on simultaneously,
in large part by the same group of geologists and engineers. It does
not appear practical, therefore, to estimate the total cost of the comprehensive study on the basis of individual items. Moreover, the
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annual cost of the study will depend upon the number o! counties in
which investigatio1:1-s~re made each _year. T~e expene~ce of. the
Geological Survey md1cates that stud1~s made m the detail outlmed
above require an average total expenditure of ten to fifteen thousand
dollars per county, consideration being given to the fact that some
counties will require a much larger expenditure whereas other counties
will require less.
Quality of water.
Adequate records of the chemical character of surface waters and
of the amount of sediment transported by streams in the Missouri
River Basin are indispensable for sound planning of the economic
development of the basin. The following paragraphs describe
briefly the needs and plans for comprehensive investigation of these
two phases of hydrologic phenomena.
1. Agricultural a.nd industrial quality of surf ace waters .-The successful operation of agricultural or industrial developments is dependent on ·adequate supplies of suitable water. Farm lands irrigated
with large quantities of water have frequently been injured and sometimes ruined by the improper use of water, the chemical character of
which was not known. Some crops are less tolerant to high proportions of certain mineral constituents than are other crops. Inasmuch
as the drainage water from irrigated lands is more concentrated than
the water applied to the land, it becomes increasingly important to
know what chemical changes are taking place as the water is used
over and over for downstream agricultural development. As irrigation increases in the Missouri River basin there will be an increasing
demand for comprehensive records of the quality of the irrigation
water.
•
Industrial development is even more dependent on the availability
of sufficient quantities of water having desirable chemical characteristics. Certain industrial processes have rigid requirements as to the
chemical composition of the water. Locations selected for these
industries are frequently decided upon after comparing the cost of
treating an unsuitable water in an otherwise desirable location with
the cost of pumping a suitable water requiring little or no treatment
in an undesirable location.
In order to decrease the losses from errors in allocation of waters
for irrigation and in location of industrial plants, knowledge of the
chemical character of the surface waters is needed. Past experience
indicates that when a need for such information arises, there is
insufficient time to obtain the needed data.
Some information on the chemical quality of surface waters in the
Missouri River Basin was obtained in 1906-07, the results of which are
published in Geological Survey Professional Paper 135, "The composition of the river and lake waters in the United States."
So much agricultural and industrial development has taken place in the Basin since
1907, however, that the old analyses probably do not represent present
conditions. Furthermore, the number of stations at which systematic
information was obtained was far too small to give adequate coverage
for the whole Basin.
The chemical quality of most surface waters is so variable through
the year that single analyses may be of little value or may even be
worse than none, unless full consideration is given to possible variations
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in com~osition .. It has been ~ound that, in general, analyses of 10-day
composites of daily samples yield the normal minimum of information
needed. For some streams sampling for many years is necessary,
while for other streams sampling from 1 to 3 years may be adequate.
In or~er to m~ke a. co~prehen~iv_e ~tudy of the quality of surface
waters m the Missouri River Basm it is proposed to make a series of
complete chemical analyses of composites of daily samples at 10 gaging
stations the first year and at from 12 to 15 stations during the second
and third years. In addition analyses would be made on samples collected less frequently at other stations in the Basin. It is estimated
that the cost of operating these stations, including the cost of establishing and equipping a laboratory, would amount to $28,000 during
the first year, and about $20,000 during each of the second and third
years. In addition to the chemical analyses, daily temperatures of the
surface water would be measured at each regular sampling station.
2. Sediment transportation.-The amount of sediment carried in most
of the streams in the Missouri River is so great that it must be considered in determining the life of present and prospective reservoirs,
in canalization of the river system in connection with inland waterways transportation, and in plans that relate to treatment of the waters
for industrial and municipal use. The effective life of some existing
reservoirs in the Basin appears likely to be much shorter than was
originally anticipated on the basis of the inadequate information
available as to the sediment loads carried by the streams on which the
reservoirs are located.
•
Some studies of the sediment loads of streams in the Missouri River
Basin have already been made by different agencies. For the most
part, however, the studies were either fragmentary or were made at
only a few points in the Basin.
In order that a systematic program may be initiated for the measurement of sediment loads of streams in the Missouri River Basin, it is
proposed to collect samples at 24 established stream flow gaging stations. The samples would be collected from one to three or four
times daily at these stations, depending on the characteristics of each
stream. Analysis of each sample for total sediment content would be
made and a representative number analyzed for mechanical composition at laboratories to be set up at central points within the Basin.
The estimated cost of purchasing the equipment, operating the
sediment stations, analyzing the samples, and publishing the data
obtained would be about $70,000 for the first year, and about $55,000
during each of the second and third years.
Water utilization.
As already indicated, the program of the Geo]ogical Survey includes
primarily the collection, compilation, and interpretation of basin information related to water, in ways that will contribute most effectively in general problems pertinent to the utilization of t.he water resources. These problems include those of administration by State,
interstate, and Federal agencies and those of operation by governmental and private agencies. The desirable program is designed with
foresight to assure that needs will be met as adequately as possible
when and as, they arise. The program of the Geological Survey em-
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braces also the interpretation of physical and economic information
relative to water, incidental to the preparation by it of reports upon
the best methods of utilizing the water resources.
An essential item of the program for the Missouri River Basin is
the analysis and compilation of stream-flow records and related water
information from the many reports and sources in which they are now
scattered-some of which are no longer easily available, including revisions of records made in .earlier years-into a group of reports suited
to convenient and effective use in water problems. Such reports
would contain inf orma.tion regarding storage, diversions, and types of
water use. They would give authoritative historical data pertaining
to the hydrologic evolution of the basin, for the consideration of
questions about virgin flow and possible influences of climatic oscillations and works of mflin. Such information is a primary essential in
comprehensive, long-range planning and in the adjudication of the
conflicting interests of the several political subdivisions among which
the water resources of the Missouri Basin must be apportioned.
In addition .to the function of collection and compilation of basic
data is that of interpretation and analysis with regard to the ways in
which the water would be ·utilized. This function involves studies of
specific methods of utilization, with such related surveys of sites and
projects, including physical and economic aspects, as are necessary for
evaluating the merits of different schemes of development. It in. eludes investigations of the implications of the hydrologic data in
respect to long or short-time trends that may be significant in oper ...
a ting and planning pro bl ems.
The advisory service rendered by the Geological Survey in connection with the soil and moisture conservation program of the Interior
Department relates, in part, to the western portion of the Missouri
River Basin. The activities concern all phases of water occurrence
that are pertinent to erosion control, moisture conservation, and
development of water supplies requisite to utilization of the western
range, as relatE1d to lands under the jurisdiction of the Interior Department. The work is particularly essential in connection with
projects of Departmental agencies which are planned for the period
after the war.
For many years the Geological Survey has advised the State Department and International Joint Commission in the handling of international problems pertaining to waters along the boundary between
the United States and Canada. It has collaborated with a similar
.Canadian investigating agency in the collection, compilation, and
analysis of basic water data for the handling of international problems.
The ramifications of plans for development of the waters of the Missouri Basin will quite certainly affect the flow of some of the streams
crossing the Canadian boundary and thus will involve international
questions. The Survey's program includes such activities as may be
necessary to assure the handling of these questions through appropriate machinery and accepted proced~es.
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Unquestionably, the Missouri River Basin water utilization program, if consummated, will have profound effect upon the life and
economy of our people, both in this drainage basin itself and throughout the Nation generally. The extent and nature of its effectwhether beneficial or detrimental-will
depend upon the program
adopted and the manner of its administration.
To attain maximum
benefits and minimum loss, it is essential that the program be broad
in scope and judiciously designed for maximum multiple utility.
Fish and wildlife production and conservation are certainly among
the major public benefits of such a program. Adequate water supplies must be provided to insure a perpetuation of these public values.
A complete appraisal of the effects of this program upon fish and
wildlife cannot be given until full details are known. It has been but
a short time since the Fish and Wildlife Service was informed of the
program, and even now this Service has only a very general outline
of the proposal. When ad vised of the proposed program, the Fish
and Wildlife Service sent a biologist and an engineer to the Bureau
of Reclamation offices at Denver, Colo., and Billings, Mont., to
confer with Reclamation engineers and to study whatever plans and
maps were available. On the basis of the limited information obtained, it may be conqluded that the effect of the program upon fish
and wildlife will depend upon the character and location of the
various developments and upon the priorities of water allocations.
Without question, fish and wildlife will be benefited in some areas
and damaged in other~. The objective, of course, should be to
develop and execute a program that will minimize the damage and
increase the over-all benefits. Because of the importance of the
Missouri River drainage basin to wildlife, this Service is deeply
concerned with this water-utilization program and with any activity
that affects the relationship of water to the land.
The importance of the Missouri River watershed in the management of wildlife can scarcely be overestimated.
This watershed is
highly productive of all forms of native wildlife, and the upper reaches
of the watershed are considered by this Service to be the most important waterfowl breeding grounds in the Nation. This is particularly
true of North Dakota. The map appended (see Appendix III,
map 58-D-496) portrays the importance attached to this production
area, and the extent to which the expenditure of Federal funds has
been made for wildlife restoration work there.
Map 58-D-496 depicts the location and character of the various
wildlife refuges and activities on the watershed, and it also indicates
somewhat the importance of this area in the production of migratory
waterfowl and other forms of wildlife.
A decade ago, American ducks, geese, and other waterfowl were at
an all-time low in their population. Public concern over the future of
waterfowl led to Congressional and other public action, and resulted in

MISSOURI RIVER BASIN

207

substantial Federal expenditures designed to preserve and restore this
national resource. Major emphasis was accorded the improvement
of breeding grounds through the restoration of marshes and the control
of waters.
The effectiveness of the waterfowl restoration program has been
apparent to all concerned. In 1935 the continental waterfowl population was estimated at about 27,000,000, an all-time low. Today
that population is estimated at approximately 120,000,000, an increase
of well over 400 percent in 8 years. It does not seem consistent with
national objectives that this progress shall be unnecessarily injured, or
that projects established on the Missouri River watershed shall be
sacrificed to new construction without replacement of these areas built
with public funds and with sportsmen's dollars. It does seem evident
that the proposed program should take into consideration all possible
public benefits and should be presented to the Nation as the best
possible proposal for the conservation and development of all of the
basin's natural resources, including wildlife.
Wildlife is a product of the land just as is corn, cauliflower, or cattle.
Maximum production comes only from proper stewardship.
It seems
self-evident that our national objectives should be the max mum yield
of all products of benefit to the people, particularly where the people's
money is being used to finance construction.
With proper management, upland game and other beneficial wildlife can become abundant
on the Missouri River watershed, and it is well known that small game
can be produced in substantial numbers in conjunction with agriculture,
if given adequate consideration in the planned manipulation of the
land and water.
In view of all this, no program of the scope and size of the one under
discussion here should overlook the adverse effects of proposed developments upon productive wildlife projects, nor the possibilities
for beneficial effects upon wildlife as a planned part of such program.
Multiple use is a necessary objective if the program is to have adequate justification and united support. Ten million sportsmen will
insist that wildlife production be made an integral part of that multiple
use.
PROBABLE EFFECTS OF THE PLAN

Though detailed information on which to base an estimate of all the
effects of the program upon fish and wildlife is lacking, some predictions are possible. For example, it is evident that a number of major
Federal wildlife refuges will be entirely eliminated or adversely
affected.
The proposed storage reservoir in the Medicine Lake Valley will
flood the Medicine Lake National Wildlife Refuge to a depth of 30
feet or more. This refuge represents a Federal investment of nearly
$600,000 and is now a very productive area. The proposed flowage
will bring on such adverse biological changes that the usefulness of
this area for wildlife purposes will be practically lost.
The same situation exists with respect to the Arrowwood National
Wildlife Refuge on the James River in North Dakota.
This refuge,
which has already cost the Government more than half a million
dollars, will be inundated to a great depth by a proposed reservoir;
the utility of the Arrowwood as a wildlife area will be completely
eliminated.
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· The greater portion of the Des Lacs National Wildlife Refuge in
North D~k_ota-whic~ cost $651,000-will be permanently lost, and
the remammg part will be adversely affected, at least temporarily.
The Buffalo Lake and the Dakota Lake National Wildlife Refuges in
North Dakota-totaling
approximately $52,000-will be adversely
affected.
The probable effect upon the Sand Lake National Wildlife Refuge
in South Dakota-which
cost $838,000-is undetermined. It is
understood that a diversion ditch may be constructed to pass around
this refuge. Such a ditch could be beneficial in times of high water
but may lead to difficulties over water rights in times of low water.
Likewise, the important Lower Souris Refuge-representing
an investment of some $1,300,000-might be adversely affected inasmuch
as a diversion dam will be placed on the Souris at Simco, upstream
from Lower Souris. The effect that this may have upon the Lower
Souris Refuge will depend entirely upon the amount of water diverted
from this refuge and the time that it is diverted.
On the other hand, it appears probable that wildlife will benefit by
the restoration of such areas as Smoky Lake, Devils Lake, and Stump
Lake. In these areas water levels must be controlled or stabilized to
be of much benefit to waterfowl and other forms of wildlife. These
areas are not now developed for wildlife purposes because existing
supplies of water are inadequate. Their utility for wildlife purposes
will by no means be so high as that of the major refuges which will
be destroyed or seriously damaged, but these lakes will be of sub:.
stantial size and of considerable value to wildlife. It is understood
that the Sheyenne River Reservoir will be more or less stabilized.
If this is done, the area should have value to waterfowl and other
wildlife. Field studies may reveal several development procedures
that will be advisable, if adequate control and jurisdiction over the
water and land can be secured.
Undoubtedly, a number of smaller areas of value to wildlife will be
restored or created. It also appears feasible to restore or further
develop several larger areas such as Benton Lake in Montana, and
Lake Zahl and Buffalo Lodge Lake in North Dakota. In fact, it
appears probable that other but smaller wildlife areas can be restored
or created throughout the drainage basin, especially along the diversion flowages in North Dakota and South Dakota. Detailed study
of proposed impoundments throughout the basin will need to be made.
Such studies are particularly needed in Kansas, Nebraska, Colorado,
Wyoming, and Montana, where great improvement in wildlife habitat
might be made at minimum cost, provided that a suitable water supply
is assured for this purpose.
Such development, it is believed, can be effected by the allocation
of limited flowage of water and by the utilization of waste water.
As a matter of fact, it seems probable that if fish, fur, and game are
given their just consideration in this program, the developments can
make an outstanding contribution to wildlife conservation and production in the Missouri River drainage basin.
In this connection, attention is directed to the fact that wise utilization of water does not require that it always be used for irrigation.
In the Dakotas, for example, there are today many marshes that
yield a higher net cash return per acre in fur alone t_han the surrounding uplands yield in agricultural products. To this return from fur
must be added the less tangible but nevertheless real value of fish
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and game and other forms of wil~life_. T~e best use of water-.whe~h~r
it be for culinary purposes, samtat10n, mdustry, transportation, rrr1gation for fish and wildlife, or for other purposes-depends
upon the
area a'nd the local or national needf? or conditions. It seems very
evident that this whole Missouri River drainage basin program will
fall far short of its maximum benefits to the people of the Nation if
it fails to take full advantage of the potentialities of fur, fish, and game.
The added justification and public support thus available appear to
have been largely overlooked, but this situation must be promptly
and adequately corrected if the program is to receive the support of
all interests.
EFFECTS

ON FISHERIES

RESOURCES

Though it has not yet been possible to study the effects that this
impoundment program may be expected to have upon the fisheries,
experience in similar situations and understanding of general biological
priuciplies make it apparent that profound changes will iesult. Many
of these changes will be sharply antagonistic to the well-being of the
aquatic resources and their contingent recreational assets; however, if
proper planning and appropriate management practices are followed,
many beneficial results may be expected from the program.
It is not unlikely that impoundments in the mountain area.s will
destroy many miles of good trout streams by the mere mechanics of
raising water levels, eliminating riffles, and otherwise upsetting
present stabilized conditions that are essential for the successful
maintenance of such trout waters. On the other hand, lake species
may be favored by a program of impoundment, especially if measures
can be taken to insure some degree of stabilization during the spawning
season and ·if an adequate conservation-pool level is maintained.
It
would be helpful if water levels were permitted to fluctuate only
between certain fixed elevations.
The increased shore line and water acreage occasioned by the formation of pools and lakes, should insure increased fish production.
Moreover, the additional storage reservoirs will certainly reduce
floods and silting, so that the quality of the water should be improved
greatly, and this in turn would favor fish production.
If sections of
free-flowing streams occur below impoundments, they may become
better streams than formerly because of the desilting action of the
dams above these areas and the diminished threat of floods.
Before flooding, all areas to be impounded should be properly
cleared; ditching facilities should be provided whereby low areas may
drain directly into the main basin, thus minimizing the chance of fish
becoming strand~d during draw-down periods and increasing the
chances of survival. Serious consequences to the fisheries will follow
any program of irrjgation that does not include adequate precautions
to prevent the destruction of fish in diversion works. Fish screens
must be installed to prevent these losses in channels that are only
dead-end courses in irrigated lands. Where strongly migratory fish
species are important, provision should be made for ladders that will
insure free upstream passage over dams and other obstructions and
permit the fish to carry on their spawning migrations.
Any program of impoundment on a free-flowing stream changes the
aquatic life from stream types to lake types. In some areas this will
be beneficial, as the lake life will be more desirable, and a change for
the good will be effected. If, however, waterlevels on these impounded
08676-H-lo
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streams are not operated in the in~erest of maintaining these lake
types, both lake and stream types will have been dealt an irreparable
hlow.
•
T·he r~servoirsJand! diversions will:,change most• drastically ..the- present flow of the river. It is obvious that these physical changes will
affect the aquatic life of the river and of the lakes, as the character of
any ~nvironment d~tertnines the character of the life dependent
upon 1t.
The muddy and fluctuating Missouri River is not now very productive in the lower two-thirds of its course. The dams constructed
in the plains region should clarify and greatly improve the quality of
the water; this, in turn, should favor fish production. If conservation
pools are maintained and if re~sonable consideration is given to the
problem of fluctuation of water levels in the reservoirs during the
spawning season, the general program should greatly favor both the
commercial and the sport fishery resources of the area.
An intensive fishery study of the entire basin area should be made.
NECESSARY

POLICIES

The importance of the Dakotas and eastern Montana as a breeding
ground for waterfowl can scarcely be overrated, as thi.s is the heart
of the Nation's production area. Because of. this the Fish and Wildlife Service has here made its heaviest investment and greatest effort
to develop and restore wa_terfowl breeding grounds. So great is the
need for nesting habitat in this section that t}le Service has already
secured every available area of size that could be obtained, together
with water rights to keep the areas properly watered. Therefore, it
_must not be concluded that if this diversion destroys a few major
refuges, others of equal worth readily can be acquired. Such a conclusion is tenable only to the extent that additional water may be permanently supplied from the diversion project to develop and maintain
the new areas. Certainly no such possibilities now exist. It must be
borne in mind that large bodies of deep water which fluctuate widely
during the season are not conducive to waterfowl production; instead,
shallow, marshy areas must be supplied if ducks, geese, and fur animals are to receive any appreciable benefits.
Because of the importance of the areas that will be destroyed or
adversely affected by this development program, the Fish and Wildlife
Service, representing the wildlife-conservation interests of the Nation,
must insist that loss of these areas be duly compensated through development of other favorable areas to an equal stage of development
and productivity, such areas to be turned over to this Service for administration to insure a perpetuat:LOn of the program now in effect.
Where public funds are involved, it should be the policy not only to
do as little damage as possible but also to consider reasonable development for wildlife resources an integral and essential part of the program.
.
The Coordination Act of 1934 (48 Stat. 401) suggests this policy.
Section 3 of the Coordination Act of 1934 provides:
(a) Whenever the Federal Government through the Bureau of Reclamation or
otherwise, impounds water for any use, opportunity shall be given to the Bureau
of Fisheries and/or the Bureau of Biological Survey to make such uses of the impounded waters for fish-culture stations and migratory-bird resting and nesting
areas as are not inconsistent with the primary use of the waters and/or the constitution~! rights of the States. In the c~se of ~ny w~ters heretofore impounded
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by the United States, through the Bureau of Reclamation or otherwise, the
Bureau of Fisheries and/or the Bureau of Biological Survey may consult with the
Bureau of Reclamation or other governmental agency controlling the impounded
waters with a view to securing a greater biological use of the waters not inconsistent' with their primary use and/or the constitutional rights of the States and
make such proper uses thereof as are not inconsistent with the primary use of the
waters and/or constitutional rights of the States.
(b) Hereafter, whenever any dam is authorized to be constructed, either by
the Federal Government itself or by any private agency under Government permit, the Bureau of Fisheries shall be consulted, and before such construction is
begun or permit granted, when deemed necessary, due and adequate provision, if
economically practicable, shall be made for the migration of fish life from the
upper to the lower and from the lower to the upper waters of said dam by means
of fish lifts, ladders, or other devices.

Through the Fish and Wildlife Service the Government owns or_
controls water rights on all areas that will be destroyed or adversely
affected by this development program. Wildlife refuges and manage~ent areas are ineffective and of little value without control of their
water supply. Consequently, it is essential that adequate and perpetual water rights be provided at the expense of this water-utilization
program. Without such guaranties the proposed program will have
little to recommend it from the viewpoint of wildlife. It should be
realized that these wildlife benefits are not only of local value but are

utioo~~~-cl&
The Missouri River Basin water-utilization program has vast possibilities of either seriously damaging existent wildlife-refuge areas,
built at great public expense, or improving general wildlife conditions,
depending upon how it is developed and administered.
To safeguard these present proven wildlife values, the program must
guarantee that• 1. Federal wildlife refuges destroyed will be replaced as nearly
as possible with other areas of equal value, including suitable
improvements and permanent water adequate to meet the needs
of wildlife. In the public interest, it is as.important to replace
destroyed marshes and breeding grounds as it is to move railroads, highways, and bridges now located in the areas to be
flooded.
2. Suitable provision will be made to provide adequate fish
screens and ladders, and to do the necessary initial stocking of
the waters with appropriate species of fish.
3. Every major pool must maintain a conservation pool level,
below which the water. level cannot go; during the spawning
season every effort will be made to maintain as constant a pool
level as possible.
4. All units or areas of major wildlife values to be administered
by the Fish and Wildlife Service.
5. Fish and wildlife values to be considered an integral and
essential part of this program and given a fair and equitable
place in the allocation of water priorities. Fish and wildlife
values therefore must be developed wherever economically feasible
throughout the entire system. To this end the Fish and Wildlife
Service stands ready and anxious to assist.
ALBERT

0

M. DAY,
Acting Director."

\

Appendix

m

-~~~~.··.
-.:,
......
If

..
\

,!

!""t
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Maps of seven states, showing locations of dams, reservoirj;_ ~anals, irrigable areas, and other works
proposed as parts of a unified plan for the development of the wtt~f. resources of the Missouri River Basin:
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A map of the Missouri River Basin, showing national for¥--.the
location of existing and proposed ••
parks and recreational areas included in the program of the Natjonal Park Service, and the locations of
facilities of the Fish and Wildlife Service.
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